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DESCRIPTION 

LIQUID CRYSTAL DISPLAY EiAVING LIQUID CRYSTAL CELL OF 
BEND ALIGNMENT MODE OR HYBRID ALIGNMENT MODE 

5 

[Field of the invention] 

The present invention relates to a liquid crystal 
display comprising a liquid crystal cell of bend alignment 
mode or hybrid alignment mode, a polarizing plate and an 
10 optical compensatory film. 

[Background of the invention] 

As compared with a CRT (cathode ray tube), a liquid 
crystal display (LCD) has great advemtages such as thin 

15 . shape, light weight, low power consumption. The liquid 

crystal display generally comprises a liquid crystal cell 
and a pair of polarizing plates provided on both sides of 
the cell. The liquid crystal cell comprises rod-liJce 
liquid crystal molecules, a pair of substrates between 

20 which the rod-lilce liquid crystal molecules are provided, 
and an electrode layer having a function of applying a 
voltage to the rod-liJce liquid crystal molecules. Each of 
the substrates has an orientation layer, which has a 
function of aligning the rod-liJce liquid crystal molecules. 

25 In addition, an optical compensatory film (phase retarder) 
is often provided between the cell and the polarizing plate 
to remove undesircQ^le color from an image displayed on the 
liquid crystal cell. A laminate of the polarizing plate 
(polarizing membrane) and the optical compensatory film 

30 serves as an elliptically polarizing plate. In some cases, 
the optical compensatory film has a function of enlarging a 
viewing angle of the liquid crystal cell. As the optical 
compensatory film, a stretched birefringent film has been 
conventionally used. 




In place of the stretched birefringent film, an op- 
tical compensatory film comprising an optically anisotropic 
layer composed of discotic compound has been proposed (for 
example, in Referential Patent Publications 1 to 4). In 
5 the optically anisotropic layer, molecules of the discotic 
compound are aligned, and the alignment is fixed. The 
discotic compound generally gives large birefringence. 
Further, the molecules of the discotic compound can be 
oriented according to one of various alignment modes . 
10 Therefore, an optical compensatory film obtained from the 
discotic compound can have specific optical characters that 
cannot be given by the conventional stretched birefringent 
film. 

A liquid crystal display having a liquid crystal cell 

15 of bend alignment mode, in which rod-like liquid crystal 
molecules in upper parts and ones in lower parts are es- 
sentially reversely (symmetrically) aligned, has been 
proposed (for example, in Referential Patent Publications 5 
and 6 ) . Since the liquid crystal molecules in upper parts 

20 and those in lower parts are symmetrically aligned, the 

liquid crystal cell has self -optical compensatory function. 
This mode is, therefore, also referred to as OCB (optically 
compensatory bend) mode. In addition to the self -optical 
compensatory function, the liquid crystal display of OCB 

25 mode has an advantage of rapid response. 

If equipped with a liquid crystal cell of hybrid 
alignment mode, a liquid crystal display of reflection type 
can have the same self -optical compensatory function as the 
display of bend alignment mode. The hybrid alignment mode 

30 is also referred to as HAN (hybrid-alignment-nematic) mode. 

The liquid crystal display of bend alignment or hybrid 
alignment mode has a wide viewing angle and responds 
rapidly, as compared with popular displays (of TN and STN 
modes). Nevertheless, in consideration of images given by 

35 CRT displays, it is still necessary to improve the display 
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of bend alignment or hybrid alignment mode. In the display 
of bend alignment or hybrid alignment mode, as well as in 
the popular display, an optical compensatory film can be 
used to improve qualities of displayed images. However, a 
5 conventional stretched birefringent film cannot fully fill 
the role of the optical compensatory film when used in bend 
alignment or hybrid alignment mode. As described above, it 
has been proposed to use an optical compensatory film 
comprising a transparent support and an optically 

10 anisotropic layer of discotic compound in place of the 
stretched birefringent film. Further, a liquid crystal 
display of bend alignment mode equipped with an optical 
compensatory film containing discotic liquid crystal 
compound is also proposed (for example, in Referential 

15 Patent Publications 7 and 8 ) . The optical compensatory 

film containing discotic liquid crystal compound remarkably 
improves the viewing angle of liquid crystal display of 
bend alignment mode. 

However, it is reported (for example, in Referential 

20 Patent Publication 9) that images given by the liquid 

crystal display of bend alignment mode equipped with the 
optical compensatory film containing discotic liquid 
crystal compound are often colored with leaked light of a 
specific wavelength. According to the publication, this 

25 undesired coloring is due to wavelength dependence of the 
trcuismittance of the elliptically polarizing plate (i.e., 
laminate of the polarizing membrane and the optical 
compensatory film). It is also reported that, if the 
optically anisotropic layer and the polarizing membrane are 

30 placed so that an average of directions obtained by 

projecting normal lines of discotic planes of the discotic 
compound molecules onto the anisotropic layer may be 
essentially at 45** to the transmission axis in the plane of 
the polarizing membrane, the liquid crystal cell of bend 

35 alignment mode is maximally optically compensated. 
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In order to reduce change of hue and to prevent 
inversion of gradation^ various methods are proposed (for 
example, in Referential Patent Publications 10 and 11) for 
the liquid crystal cell of bend alignment mode equipped 
5 with the optical compensatory film containing discotic 
liquid crystal compound. 

Referential Patent Publication 1: Japanese Patent 
Provisional Publication No. 6 ( 1994) -214116 
10 Referential Patent Publication 2: U.S. Patent No. 

5,583,679 

Referential Patent Pxablication 3: U.S. Patent No. 
5,646,703 

Referential Patent Publication 4: German Patent 
15 Publication No. 3,911,620 Al 

Referential Patent Publication 5: U.S. Patent No. 
4,583,825 

Referential Patent Publication 6: U.S. Patent No. 
5,410,422 

20 Referential Patent Publication 7: Japanese Patent 

Provisional Publication No. 9 ( 1997 )-197397 

Referential Patent Publication 8: International 
Publication No. 96/37804 

Referential Patent Publication 9: Japanese Patent 
25 Provisional Publication No. 11 ( 1999 ) -316378 

Referential Patent Publication 10: Japanese Patent No. 
3,056,997 

Referential Patent Publication 11: Japanese Patent 
Provisional Publication No. 2002-40429 

30 

[Disclosure of the invention] 

[Problem to be solved by the invention] 

Even if an optical compensatory film containing 
discotic liquid crystal compound is used, it is still 
35 difficult to prevent the inversion of gradation, and at the 
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same to improve the viewing angle character and the 
contrast character of liquid crystal display of bend 
alignment mode or hybrid alignment mode. 

An object of the present invention is to optically 
5 compensate a liquid crystal cell of bend alignment mode or 
hybrid alignment mode so properly that an image of high 
contrast can be obtained without causing change of hue and 
inversion of gradation. 

Another object of the invention is to provide an easy 
10 process for testing whether an optical compensatory film 
used in a liquid crystal display has proper optical 
characters or not. 

A further object of the invention is to provide an 
apparatus for testing an optical compensatory film, 

15 

[Means to solve the problem] 

The objects of the present invention are achieved by 
the liquid crystal displays [1] to [14], the methods for 
testing an optical compensatory film [15] and [16] , and 

20 the apparatuses for testing an optical compensatory film 
[17] and [18], described below. 

[1] A liquid crystal display having a liquid crystal 
cell of bend alignment mode and a pair of polarizing plates 
provided on both sides of the cell, wherein at least one of 

25 the polarizing plates comprises a polarizing membrane and 
an optical compensatory film positioned nearer to the 
liquid crystal cell than the polarizing membrane, said 
optical compensatory film having at least two optically 
anisotropic layers comprising first and second optically 

30 anisotropic . layers , said first optically anisotropic layer 
being made from discotic compounds oriented in hybrid 
alignment, said second optically anisotropic layer 
consisting of a cellulose ester film, and said polarizing 
membrane and said first and second optically anisotropic 

35 layers being so placed that the first optically anisotropic 
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layer giving in plane the maximim refractive index in a 
direction of essentially 45® to a transmission axis in 
plane of the polarizing membrane, and that the second 
optically anisotropic layer gives in plane the maximvim 
5 refractive index in a direction essentially parallel or 
perpendicular to a transmission axis in plane of the 
polarizing membrane, and wherein the liquid crystal cell of 
bend alignment mode and the first and second optically 
anisotropic layers have optical characters satisfying the 
10 following formula (1) when measured at any wavelength of 
450 nm, 550 nm and 630 nm: 

(1) 0.05 < (Anxd)/(RelxRth2) < 0.20 

in which An is cui inherent birefringent index of rod-like 
liquid crystal molecules in the liquid crystal cell; d is a 

15 thickness of a liquid crystal layer in the liquid crystal 
cell in terms of nm; Rel is a retardation value in plane of 
the first optically anisotropic layer; eund Rth2 is a 
retardation value along a thickness direction of the second 
optically anisotropic layer. 

20 [2] The liquid crystal display as defined in [1], 

wherein the Anxd satisfies the following formula (2) when 
measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(2) 100 nm < Anxd < 1,500 nm. 

[3] The liquid crystal display as defined in [1], 
25 wherein the Rel satisfies the following formula (3) when 
measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(3) 10 rmi < Rel < 50 nm. 

[4] The liquid crystal display as defined in [1], 
wherein the Rth2 satisfies the following formula (4) when 
30 measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(4) 70 nm < Rth2 < 400 nm. 

[5] The lic[uid crystal display as defined in [1], 
wherein the optical compensatory film gives retardation 
values ReCO"*), Re(40'*) and Re (-40®) at 546 nm in the ranges 
35 of 30±10 nm, 50±10 nm and 115±10 nm, respectively, and 
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wherein Re ( 0** ) ^ Re ( 4 0*" ) and Re ( -4 0"* ) stand for retardation 
values of the optical compensatory film when the 
retardation is measured, in a plane including the normal of 
the film and the direction giving in the film plane the 
5 minimum refractive index of the optical compensatory film, 
in the directions inclined at 0*^, 40® and reversely 40** 
from the normal to the plane, respectively. 

[6] The liquid crystal display as defined in [5], 
wherein the direction giving in the film plane the minimiam 

10 refractive index of the optical compensatory film is 

essentially at 45** to a longitudinal direction when the 
optical compensatory film is produced. 

[7] The liquid crystal display as defined (l], 
wherein thd optical compensatory film and the polarizing 

15 membrane are laminated by attaching the film in the form of 
a roll to the membrane in the form of a roll. 

[8] A liquid crystal display of reflection type 
having a reflection board, a liquid crystal cell of hybrid 
alignment mode and a polarizing plate in order, wherein the 

20 polarizing plate comprises a polarizing membrane and an 

optical compensatory film positioned nearer to the liquid 
crystal cell than the polarizing membrane, said optical 
compensatory sheet having at least two optically 
anisotropic layers comprising first and second optically 

25 anisotropic layers, said first optically anisotropic layer 
being made from discotic compounds oriented in hybrid 
alignment, said second optically anisotropic layer 
consisting of a cellulose ester film, and said polarizing 
membrane and said first and second optically anisotropic 

30 layers being so placed that the first optically amisotropic 
layer gives in plcuie the maximxim refractive index in a 
direction of essentially 4 5** to a transmission axis in 
plcUie of the polarizing membrane, and that the second 
optically anisotropic layer gives in plane the maximum 

35 refractive index in a direction essentially parallel or 
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perpendicular to a transmission axis in plane of the 
polarizing membrane, and wherein the liquid crystal cell of 
hybrid alignment mode and the first and second optically 
anisotropic layers have optical characters satisfying the 
5 following formula (5) when measured at any wavelength of 
450 nm, 550 nm and 630 nm: 

(5) 0.025 < (Anxd)/(RelxRth2) < 0.10 
in which An is an inherent birefringent index of rod-like 
licpiid crystal molecules in the liquid crystal cell; d is a 

10 thickness of a liquid crystal layer in the liquid crystal 
cell in terms of nm; Re 1 is a retardation value in plane of 
the first optically anisotropic layer; and Rth2 is a 
retardation value along a thickness direction of the second 
optically anisotropic layer. 

15 [9] The liquid crystal display as defined in [8], 

wherein the Anxd satisfies the following formula (6) when 
measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(6) 50 nm < Anxd < 750 nm. 

[10] The liquid crystal display as defined in [8], 
20 wherein the Rel satisfies the following formula (7) when 
measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(7) 10 nm < Rel < 50 nm. 

[11] The liquid crystal display as defined in [8], 
wherein the Rth2 satisfies the following formula (8) when 
25 measured at any wavelength of 450 nm, 550 nm and 630 nm: 

(8) 70 nm < Rth2 < 400 nm, 

[12] The liquid crystal display as defined in [8], 
wherein the optical compensatory film gives retardation 
values Re(0**), Re(40'*) and Re (-40*) at 546 nm in the ranges 

30 of 30±10 nm, 50±10 nm and 115±10 nm, respectively, and 

wherein Re ( O** ) , Re ( 4 0** ) and Re ( -4 0* ) stand for retardation 
values of the optical compensatory film when the 
retardation is measured, in a plane including the normal of 
the film and the direction giving in the film plane the 

35 minimum refractive index of the optical compensatory film. 



in the directions inclined at 0^ , 40® and reversely 40® 
from the normal to the plane, respectively. 

[13] The liquid crystal display as defined in [12], 
wherein the direction giving in the film plane the minimiam 
5 refractive index of the optical compensatory film is 

essentially at 45® to a longitudinal direction when the 
optical compensatory film is produced* 

[14] The liquid crystal display as defined in [8], 
wherein the optical compensatory film and the polarizing 

10 membrane are laminated by attaching the film in the form of 
a roll to the membrane in the form of a roll. 

[15] A method for testing an optical compensatory 
film having a transparent support and an optically 
anisotropic layer made from liquid crystal compounds, which 

15 comprises the steps of: placing the optical compensatory 
film between a pair of Glan-Thompson prisms, positioning 
the film and the prisms so that light-transmittance may be 
the least, and measuring the light-transmittance to confirm 
whether the value defined by the following formula is 

20 smaller than a predetermined value or not: 
100 X (T-C)/(P-C) 
in which T is a light-transmittance measured where the 
optical compensatory film and the pair of Glan-Thompson 
prisms are positioned so that the light-transmittance may 

25 be the least; P is a light-transmittance measured where 

only the Glan-Thompson prisms are placed in parallel Nicols 
arrangement; and C is a light-transmittance measured where 
only the Glan-Thompson prisms are placed in crossed Nicols 
arrangement. 

30 [16] The method as defined in [15], wherein the 

predetermined value is 0.005. 

[17] An apparatus for testing an optical compensatory 
film having a transparent support and an optically 
anisotropic layer formed from liquid crystal compounds, 

35 which comprises a light source, a pair of Glan-Thompson 
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prisms, a holder with which the optical compensatory film 
is kept and placed between the Glan-Thompson prisms , a 
mechanism ' rotating the Glan-Thompson prisms independently 
curound the light path, and a light-receiver by which light 
5 having been emitted from the light source and passed 

through the optical compensatory film and the Glan-Thompson 
prisms is detected and evaluated. 

[18] The apparatus as defined in [17], wherein the 
apparatus further comprises another mechanism rotating the 
10 optical compensatory film around the light path, 

[Effect of the invention] 

The present inventors have studied a liquid crystal 
display, and found that the viewing angle is enlarged but 

15 the inversion of gradation is liable to occur as the value 
(ratio) of (Anxd) / (RelxRth2 ) increases while the inversion 
of gradation scarcely occurs but the viewing angle is 
narrowed as the value of (Anxd)/(RelxRth2) decreases. On 
the basis of this fact, the liquid crystal cell of bend 

20 alignment mode or hybrid alignment mode can be optically 

compensated appropriately by optically designing the value 
of (Anxd)/Rel, which can be regarded as a parameter 
indicating the alignment of liquid crystal molecules in 
displaying a full black image, and the value of Rth2, which 

25 indicates an optical character of the second optically 
anisotropic layer in a particular range. 

If the optical compensatory film (comprising the first 
and second optically anisotropic layers) is made of some 
specific materials, the value of (Anxd) / (RelxRth2 ) often 

30 varies in accordance with the wavelength at which the 

retardation is measured. In the present invention, however, 
the value of (Anxd) / (RelxRth2 ) is controlled in the optimum 
range, namely in the ed^ove range of (1) or (5), at any 
wavelength of 450 nm, 550 nm and 630 nm so that the liquid 

35 crystal cell of bend or hybrid alignment mode can be 
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optically compensated properly in the whole visible 
wavelength region. 

The inventors have further studied^ and found that 
only one cellulose ester film Ccui serve as the second 
5 optically anisotropic layer satisfying the above condition. 
The cellulose ester film also works as a support on which 
the first optically anisotropic layer (comprising discotic 
molecules oriented in hybrid alignment) is provided. 
Accordingly, if the second optically anisotropic layer is a 

10 cellulose ester film, it is possible to produce an optical 
compensatory film having conventional elements (i.e., a 
cellulose ester film and a layer comprising discotic 
molecules oriented in hybrid alignment) but satisfying the 
cQDOve condition of ( 1 ) or ( 5 ) . . 

15 A liquid crystal display of birefringent mode such as 

bend alignment mode or hybrid alignment mode has a liquid 
crystal cell in which liquid crystal molecules are aligned 
very complexly, and hence an optical compensatory film 
optimally compensating the viewing angle cannot be 

20 schematically represented by a conventional refractive 
ellipsoid. 

The present inventors have found a relation between 
retardation values of the optical compensatory film 
measured at various angles and the contrast-viewing angle 

25 of liquid crystal display. It is also found that the 

contrast-viewing angle of liquid crystal display closely 
relates to retardation values of the optical compensatory 
film measured, in a plane including the normal of the film 
and the direction giving in the film plane the minimum 

30 refractive index of the optical compensatory film, in the 
directions inclined at 0**, 40** and reversely 40® from the 
normal to the plane. The plane including the normal of the 
optical compensatory film and the direction giving in the 
film plane the minimum refractive index of the optical 

35 compensatory film generally corresponds to a plane 
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including the normal and a direction inclined at 45° from 
the longitudinal direction of rolled belt-shaped 
compensatory film (in producing the film) to a direction 
giving a smaller refractive index in the film plane. 
5 It is further found that, in order to improve the 

viewing angle of liquid crystal display of bend alignment 
mode or hybrid alignment mode, the retardation values 
Re(0**), Re(40'*) and Re(-40'*) measured at 546 nm by means of 
K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS CO., LTD.) are 

10 preferably in the ranges of 30±10 nm, 50±10 nm and 115±10 
nm, respectively. As described above, Re(0''), Re (40**) and 
Re (-40®) stand for retardation values of the optical 
compensatory film when the retardation is measured in the 
directions inclined at 0**, 40® and reversely 40® from the 

15 normal to the plane giving the minimum refractive index, 
respectively. In place of KOBRA21ADH, an ellipsometer (M- 
150, JASCO COORPORATION) may be used- The ellipsometer 
gives essentially the same results as KOBRA21ADH. 

20 [Embodiments of the invention] 

[Liquid crystal display and polarizing plate] 

Fig. 1 is a sectional view schematically illustrating 
alignment of liquid crystal molecules in a liquid crystal 
cell of bend alignment mode. As shown in Fig. 1, a bend 

25 alignment liquid crystal cell comprises an upper substrate 
(14a), a lower substrate (14b) and a liquid crystal 
compound (11) sealed between the substrates. The liquid 
crystal compound (11) used in a liquid crystal cell of bend 
alignment generally has a positive dielectric constant 

30 anisotropy. Each of the upper svibstrate (14a) and the 

lower substrate (14b) has an orientation layer (12a, 12b) 
and an electrode layer (13a, 13b). The orientation layer 
has a function of aligning the rod-lilce liquid crystal 
molecules (11a to 11 j). The arrow RD in Fig. 1 indicates 

35 the rubbing direction of the orientation layer. The 
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electrode has a function of applying voltage to the rod- 
like liquid crystal molecules (11a to llj). 

As shown in (off) of Fig. 1^ the rod-like liquid 
crystal molecules (11a to lie) near the upper substrate 
5 (14a) are aligned reversely (symmetrically) to those (llf 
to llj) near the lower substrate (14b) when low voltage is 
applied. On the other hand^ the molecules (11a, lib, llir 
llj) neighboring the substrates (14a, 14b) are almost 
horizontally aligned while those (lid to llg) centered in 

10 the cell are almost vertically aligned. 

As shown in (on) of Fig. 1, the rod-like liquid 
crystal molecules (11a, llj) neighboring the substrates 
(14a, 14b) are still almost horizontally aligned when high 
voltage is applied. The molecules (lie, llf) centered in 

15 the cell are also still almost vertically aligned. The 

alignment of the other liquid crystal molecules (lib, 11c, 
lid, llg, llh. Hi) is changed when the applied voltage is 
increased. These molecules are rather vertically aligned 
compared with the alignment of the off state. However, the 

20 molecules (11a to He) near the upper substrate (14a) are 
aligned still reversely (symmetrically) to those (llf to 
llj) near the lower substrate (14b) even if high voltage is 
applied . 

Fig. 2 schematically illustrates a polarizing plate. 

25 The polarizing plate shown in Fig. 2 comprises a laminate 
of a first optically anisotropic layer (31) containing 
discotic molecules (31a to 31e), a second optically 
anisotropic layer (33) having at least one cellulose ester 
film and a polarizing membrane (34). The polarizing plate 

30 shown in Fig. 2 further comprises an orientation layer (32) 
between the first optically anisotropic layer (31) and the 
second optically anisotropic layer (33). The discotic 
molecules (31a to 31e) contained in the optically 
anisotropic layer (31) are planer molecules, and each 

35 molecule has only one plane, namely discotic plane. The 



discotic plane is inclined to the plane of the second opti- 
cally anisotropic layer (33). The inclined angle between 
each discotic plane and the plane of second optically 
anisotropic layer increases according as the distance 
5 between the molecule and the orientation layer (32) 

increases. The average inclined angle is prefercibly in the 
range of 15** to 50"*. If the inclined angle is controlled 
to vary as illustrated in Fig. 2, the polarizing plate 
remarkably enlarges the viewing angle. Such polarizing 

10 plate has another function of preventing displayed image 
from reversion, gray-scale inversion and color 
contamination. The average of directions (PL) obtained by 
projecting normal lines (NL) of discotic planes of the 
discotic molecules (31a to 31e) onto the plane of second 

15 optically anisotropic layer (33) is anti-parallel to the 
rubbing direction (RD) of orientation layer (32). 

In the present invention, the average of directions 
obtained by projecting normal lines of discotic planes of 
the discotic molecules onto the plane of second optically 

20 anisotropic layer (33) is made to be oriented essentially 
at 4 5® to the slow axis (SA) in the plane of second opti- 
cally anisotropic layer. Accordingly, in producing the 
polarizing plate, the orientation layer (32) is rubbed in 
the rubbing direction (RD) at the angle (6) of 45"* to the 

25 slow axis (SA) in the plane of second anisotropic layer. 

In addition, the second optically anisotropic layer and the 
polarizing membrane (34) are so arranged that the slow cixis 
(SA) in the plane of second anisotropic layer is 
essentially parallel or perpendicular to a transmission 

30 axis (TA) in the plane of polarizing membrane. In the 
polarizing plate shown in Fig. 2, a film of the second 
optically euiisotropic layer is placed so that the slow axis 
(SA) is essentially parallel to the transmission axis (TA) . 
The slow axis (SA) in the plane of the second optically 

35 anisotropic layer (33) normally corresponds to the 
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stretching direction of the film of second optically 
anisotropic layer. The transmission axis (TA) in the plane 
of the polarizing membrane (34) is normally perpendicular 
to the stretching direction of the polarizing membrane (34). 
5 Fig. 3 schematically illustrates a liquid crystal dis- 

play of bend alignment mode according to the present in- 
vention. The liquid crystal display shown in Fig. 3 
comprises a liquid crystal cell of bend alignment mode (10)^ 
a pair of polarizing plates (31A to 34A, 3 IB to 34B) 

10 arranged on both sides of the liquid crystal cell, and a 
backlight (BL) . The liquid crystal cell of bend alignment 
mode (10) corresponds to the liquid crystal cell shown in 
Fig. 1. The rubbing directions (RD2, RD3) in the liquid 
crystal cell (10) are identical (parallel to each other). 

15 Each polarizing plate comprises a laminate of a first 

optically anisotropic layer (31A, 31B)> a second optically 
anisotropic layer (33A, 33B) and a polarizing membrane (34A, 
34B) in this order from the side of the liquid crystal cell 
(10). The riibbing directions (RDl, RD4) for the discotic 

20 molecules of the first optically anisotropic layer (31A, 
3 IB) are anti-parallel to those (RD2, RD3) in the liquid 
crystal cell (10). As described above, the rubbing 
directions (RDl, RD4 ) for the discotic molecules are also 
anti-parallel to the average of directions obtained by 

25 projecting normal lines of discotic planes of the discotic 
molecules onto the plane of second optically anisotropic 
layer. The angle between the rubbing direction (RDl, RD4) 
and the slow axis (SAl, SA2) in the plane of second 
optically anisotropic layer (33A, 33B) is essentially 45® 

30 in the same plane. The angle between the rubbing direction 
(RDl, RD4) and the transmission cixis (TAl, TA2) in the 
plane of polarizing membrane (34A, 34B) is also essentially 
45® in the same plcuae. The polarizing membranes (34A, 34B) 
are so arranged the transmission axes (TAl, TA2) are 
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perpendicular to each other (placed in crossed Nicols 
arrangement ) . 

Fig* 4 schematically illustrates a relation of optical 
compensation in a liquid crystal display of bend alignment 
5 mode. As shown in Fig. 4, the liquid crystal cell (10) of 
bend alignment mode is optically compensated with 
cooperation between the first optically anisotropic layers 
(31A, 3 IB) and the second optically anisotropic layers (SSA, 
33B) in the liquid crystal display of the invention. The 
10 rubbing direction (RDl, RD4 ) for the discotic molecules in 
the optically anisotropic layer (31A, 3 IB) is placed anti- 
parallel to the rubbing direction (RD2, RD3 ) in the liquid 
crystal cell, and thereby the liquid crystal molecules in 
the bend alignment liquid crystal cell (10) cure optically 
15 compensated by the corresponding (shown as the relations a 
to c cind e to g) discotic molecules in the optically 
anisotropic layer (31A, 3 IB). The second optical 
anisotropic layers (33A, 33B) correspond (shown as the 
relations d and h) to the essentially vertically aligned 
'20 liquid crystal molecules centered in the bend alignment 
liquid crystal cell (10). The ellipsoids shown in the 
second optically anisotropic layers (33A, 33B) indicate re- 
fractive ellipsoids caused by optical anisotropy. 

Fig. 5 schematically illustrates various embodiments 
25 of the polarizing plate. 

The embodiment (al) shown in Fig. 5 corresponds to the 
most basic polarizing plate shown in Fig. 2. The 
embodiment (al) comprises the first optically anisotropic 
layer (31), the second optically anisotropic layer (33) and 
30 the polarizing membrane (34) layered in this order. The 
angle between the rubbing direction (RD) for the discotic 
molecules and the slow axis (SA) of the second optically 
anisotropic layer (33) is essentially 45**. The slow axis 
(SA) of the second optically anisotropic layer (33) is es- 
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sentially parallel to the trcmsmission axis (TA) of the po- 
larizing membrane (34). 

The embodiment (a2) in Fig. 5 comprises the first 
optically anisotropic layer (31), the second optically 
5 anisotropic layer (33) and the polarizing membrane (34) 
layered in this order. The angle between the rubbing 
direction (RD) for the discotic molecules and the slow axis 
(SA) of the second optically anisotropic layer (33) is es- 
sentially 45®. The slow axis (SA) of the second optically 

10 anisotropic layer (33) is essentially perpendicular to the 
transmission axis (TA) of the polarizing membrane (34). 

The embodiment (bl) in Fig. 5 comprises the second 
optically anisotropic layer (33), the first optically 
anisotropic layer (31) and the polarizing membrane (34) 

15 layered in this order. The angle between the rubbing 

direction (RD) for the discotic molecules and the slow axis 
(SA) of the second optically anisotropic layer (33) is es- 
sentially 45**. The slow axis (SA) of the second optically 
anisotropic layer (33) is essentially parallel to the 

20 transmission axis (TA) of the polarizing membrane (34). 

The embodiment (b2) in Fig. 5 comprises the second 
optically anisotropic layer (33), the first optically 
anisotropic layer (31) and the polarizing membrane (34) 
layered in this order. The angle between the rubbing 

25 direction (RD) for the discotic molecules and the slow eixis 
(SA) of the second optically anisotropic layer (33) is es- 
sentially 45**. The slow axis (SA) of the second optically 
anisotropic layer (33) is essentially perpendicular to the 
transmission axis (TA) of the polarizing membrane (34). 

30 The liquid crystal display of reflection type 

comprises a reflection board, a liquid crystal cell of 
hybrid alignment mode, an optical compensatory film and a 
polarizing plate, layered in this order. Light incident 
upon the side of the polarizing plate passes through the 

35 polarizing plate, the optical compensatory film and the 
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liquid crystal cell in this order, and is then reflected by 
the reflection board. The reflected light comes back 
through the liquid crystal cell, the optical compensatory 
film and the polarizing plate. Since thus twice passing 
5 through the liquid crystal cell of hybrid alignment mode, 
light is compensated in the same way as only once passing 
through the liquid crystal cell of bend alignment mode. 
Accordingly, the liquid crystal display of reflection type 
has the same optical function as the display of bend align- 
10 ment mode, which comprises a polarizing plate, an optical 
compensatory film, a liquid crystal cell of bend alignment 
mode, another optical compensatory film and another 
polarizing plate. 

15 [Optical characters of optical compensatory film] 

In the invention, the liquid crystal cell of bend 
alignment mode and the first and second optically 
anisotropic layers have optical characters satisfying the 
following formula (1) when measured at any wavelength of 
20 450 nm, 550 nm and 630 nm: 

(1) 0.05 < (Anxd)/(RelxRth2) < 0.20. 
In the formula (1), An is an inherent birefringent 
index of rod-like liquid crystal compound in the liquid 
crystal cell; d is a thickness of liquid crystal layer in 
25 the liquid crystal cell in terms of nm; Rel is a 

retardation value of the first optically anisotropic layer 
in the plane ; cuid Rth2 is a retardation value of the second 
optically anisotropic layer along the thickness. 

The liquid crystal cell of hybrid alignment mode and 
30 the first and second optically anisotropic layers also have 
optical characters satisfying the following formula (5) 
when measured at any wavelength of 450 nm, 550 nm and 630 
nm: 

(5) 0.025 < (Anxd)/(RelxRth2) < 0.10. 
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In the formula (5), An, Rel and Rth2 are the same 
as in the formula ( 1 ) . 

Details (including preferred values) of An, d, Rel 
and Rth2 are described later. ' The An and d, Rel, and Rth2 
5 are explained dn detail in the chapters of [Liquid crystal 
display], [First optically anisotropic layer] and [Second 
optically anisotropic layer], respectively. 

The optical compensatory film preferably gives . 
retardation values ReCO"*), Re(40'*) and Re(-40*') at 546 nm 

10 in the ranges of 30±10 nm, 50±10 nm and 115±10 nm, 

respectively. They are more prefer cQ^ly in the ranges of 
30±5 nm, 50±5 nm and 115±5 nm, respectively. 

Here, Re(0**), Re (40^) and Re (-40^) stand for 
retardation values of the optical compensatory film when 

15 the retardation is measured, in a plane including the 

normal of the film and the direction giving in the film 
plane the minimum refractive index of the optical 
compensatory film (the plane is essentially the same as the 
plane including the normal and a direction inclined at 45® 

20 from the longitudinal direction of compensatory film to a 
direction giving a smaller refractive index in the film 
plane), in the directions inclined at 0"*, 40** and reversely 
40"* from the normal, respectively, to the direction 
inclined at about 45"*. 

25 The optical compensatory film preferably does not give 

the retardation value of 0 in any direction. In other 
words, preferably there is no optical axis in the optical 
compensatory film. 

30 [Process and apparatus for testing the optical compensatory 
film] 

The optical compensatory film generally comprises a 
transparent support and an optically anisotropic layer 
formed from liquid crystal compound. The optically 
35 anisotropic layer has a slow axis parallel or perpendicular 
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. to the average of directions obtained by projecting 
molecular symmetrical axes of the liquid crystal molecules 
onto the plane of the support. If linearly polarized light 
comes into the optical compensatory film placed so that the 
5 slow axis of the transparent support may be neither 
parallel nor perpendicular to the slow axis of the 
optically anisotropic layer, the light having passed 
through the optical compensatory film is elliptically 
polarized. Therefore, the transmittance of the optical 

10 compensatory film simply placed between (a pair of) 

polarizers placed in crossed Nicols arrangement is not 
always identical with the contrast given by the optical 
compensatory film installed in the liquid crystal display. 
The inventors have studied and found that, if the 

15 optical compensatory film and the polarizers are placed in 
a specific arrangement, the transmittance of the optical 
compensatory film relates to the contrast of the liquid 
crystal display equipped with the optical compensatory film. 
In the optical compensatory film having an optically 

20 anisotropic layer formed from liquid crystal compound, it 
is thought that the alignment of liquid crystal molecules 
is disturbed to lower the contrast. This disturbed 
alignment is scarcely detected if the slow axes are neither 
parallel nor perpendicular to each other. That is because 

25 light having passed through the optical compensatory film 
is elliptically polarized even if incident light is 
linearly polarized. 

It is found that, if the polarizer on the incident 
side, the optical compensatory film and the polarizer on 

30 the outward side are placed in a specific arrcuigement , the 
light having passed through the optical compensatory film 
is almost linearly polarized. Accordingly, the 
transmittance observed in that arrangement indicates the 
alignment of liquid crystal molecules. The more the 

35 transmittance is, the more the alignment of liquid crystal 
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molecules is disturbed. The smaller the transmiittance is, 
the less the alignment is disturbed. 

Although the transmittance depends on the arrangement 
of the polarizers and the optical compensatory film, the ' 
5 alignment of liquid crystal molecules can be represented by 
the minimum transmittance. For example, in the case where 
the transparent support and the optically anisotropic layer 
in the optical compensatory film have retardation values of 
40 nm and 30 nm, respectively, in the plane, and where they 

10 are placed so that their slow axes may be crossed at 45° to 
each other, the minimum transmittance can be observed when 
the transmission axis of the polarizer on the incident side, 
the slow axis of the transparent support, the slow axis of 
the optically anisotropic layer and the transmission axis 

15 of the polarizer on the outward side are placed at 90**, 20®, 
155** and 182**, respectively, if those axes are seen from 
the outward side. 

The optical compensatory film having the transparent 
support and the optically anisotropic layer formed from 

20 liquid crystal compound is placed between a pair of Glan- 
Thompson prisms. After the film and the prisms are 
positioned so that the transmittance may be the least, the 
transmittance is measured to confirm whether the value 
defined by the following formula is smaller than a 

25 predetermined value or not. If the transmittance is 
smaller than the predetermined value, the optical 
compensatory film, can be considered to have good qualities. 
100 X (T-C)/(P-C) 

In the above foimula, T is a light-transmittance 
30 measured where the optical compensatory film and the 61an- 
Thompson prisms are positioned so that the transmittance 
may be the least; P is a light- transmittance measured where 
only the Glan-Thompson prisms sure placed in parallel Nicols 
arrangement; and C is a light-transmittance measured where 
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only the Glan-Thompson prisms are placed in crossed Nicols 
arrangement . 

The cibove predetermined value is generally 0.005. The 
value of 100x(T-C)/(P-C) is preferably 0.004 or less, more 
5 preferably 0.003 or less. 

If equipped with the optical compensatory film giving 
a low transmittance in a particular arrangement, for 
example, if equipped with the optical compensatory film 
giving the minimum transmittance of 0.005% or less when 

10 placed between the polarizers, the liquid crystal display 
is excellent in displaying moving images (particularly, 
with regard to responding speed), in the viewing angel and 
in the front contrast. 

Fig. 6 schematically illustrates the apparatus for 

15 testing an optical compensatory film. The apparatus shown 
in Fig. 6 comprises a light source, a pair of Glan-Thompson 
prisms (polarizers), a holder with which the optical 
compensatory film is kept and placed between the Glan- 
Thompson prisms, a mechanism rotating the Glan-Thompson 

20 prisms (polarizers) independently around the light path, 

and a light-receiver (photo multiplier tube) by which light 
having been emitted from the light source and passed 
through the optical compensatory film and the Glah-Thompson 
prisms is detected and evaluated. 

25 As shown in Fig. 6, the testing apparatus further 

comprises another mechanism rotating the optical 
compensatory film around the light path. 

[Second optically anisotropic layer] 

30 In the liquid crystal display comprising the liquid 

crystal cell of bend alignment mode or hybrid alignment 
mode, the second optically anisotropic layer has a 
retardation value (Rth2) along the thickness preferably in 
the range of 70 to 400 nm, more preferably in the range of 

35 150 to 250 nm. 
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A preferred range of the retardation value (Re2) in 
the plane of the second optically anisotropic layer depends 
upon the position of the transmission axis of polarizing 
membrane. In the case where the slow axis in the plane of 
5 the second optically anisotropic layer is essentially 

perpendicular to the transmission axis, Re2 is prefercd^ly 
in the range of 1 to 20 nm, more preferably in the range of 
1 to 15 nm. If the slow axis in the plane of second 
optically anisotropic layer is essentially parallel to the 

10 transmission axis, Re2 is preferably in the range of 20 to 
100 nm, more preferably in the range of 30 to 60 nm. The 
second optically anisotropic layer has a birefringent index 
in the plane (An: nx-ny) preferably in the range of 0.00025 
to 0.00088. The birefringent index along the thickness 

15 ( (nx+ny) /2-nz) is preferably in the range of 0.00088 to 
0.005. 

The second optically anisotropic layer is composed of 
a cellulose ester film. 

The cellulose ester film preferably has a 
20 transmittance of 80 % or more. 

As the cellulose ester, cellulose esters of lower 
fatty acids are preferred. The term "lower fatty acids" 
means fatty acids having 6 or less carbon atoms. Cellulose 
esters of fatty acids having 2 to 4 carbon atoms are 
25 preferred, and ester of acetic acid (namely, cellulose 

acetate) is particularly preferred. Cellulose esters of 
mixed fatty acids such as cellulose acetatepropionate and 
cellulose acetatebutyrate are also uscible. 

The cellulose acetate has a viscosity average 
30 polymerization degree (DP) of preferably 250 or more, more 
preferably 290 or more. Further, it is also preferred for 
the cellulose acetate to have a narrow molecular weight 
distribution of Mw/Mn (Mw and Mn are weight and niomber 
average molecular weights, respectively) determined by gel 
35 permeation chromatography. The value of Mw/Mn is 
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preferably in the range of 1.0 to 3, more preferably in the 
range of 1.0 to 1.7. 

The cellulose acetate preferably has an acetic acid 
content of 55.0 to 62.5%. The acetic acid content is more 
5 preferably in the range of 57.0 to 62.0%. The term "acetic 
acid content" means the amount of combined acetic acid per 
one weight unit of cellulose. The acetic acid content is 
determined according to ASTM: D-817-91 (tests of cellulose 
acetate ) . 

10 In a cellulose acetate, hydroxyl groups at 2-, 3- and 

6-positions are not equally substituted, and the 
substitution degree at 6-position is apt to be relatively 
small. However, in the cellulose acetate used as the 
second optically anisotropic layer, the substitution degree 

15 at 6-position is preferably not smaller than those at 2- 
and 3-positions. 

The substitution degree at 6-position is preferably 
30% to 40%, more preferably 31% to 40%, most preferably 32% 
to 40%, based on the total substitution degree at 2-, 3- 

20 and 6-positions. Further, the substitution degree at 6- 
position is preferably 0.88 or more. 

Cellulose esters and processes for synthesizing them 
are described in Japan institute of invention and 
• innovation technical report No. 2001-1745. pp. 9. 

25 In order to control the retardation of cellulose ester 

film, external force is generally applied (for example, to 
stretch the film) . In addition, a retardation-increasing 
agent may be incorporated to control optically anisotropy. 
The retardation-increasing agent is preferably an aromatic 

30 compound having at least two aromatic rings. The aromatic 
compound is used in an amount of preferably 0.01 to 20 
weight parts, based on 100 weight parts of the polymer. 
Two or more aromatic compounds may be used in combination. 
The aromatic ring in the aromatic compound may be an 

35 aromatic hydrocarbon ring or an aromatic heterocyclic ring. 
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The retardation-increasing agents are described in 
European Patent Publication No. 0,911,656, Japanese Patent 
Provisional Publication Nos. 2000-111914 and 2000-275434. 
The cellulose ester film preferably has a moisture 
5 expansion coefficient of 30x10"^ /%RH or less. The 

moisture expansion coefficient is more preferably 15x10"^ 
/%RH or less, most preferably lOxlQ-^ /%rh or less. The 
moisture expansion coefficient is preferably as small as 
possible, but normally IxlQ-s /%rh or more. The moisture 

10 expansion coefficient indicates how much the fi]jn expands 

when relative humidity is changed at a constant temperature. 
The moisture expansion coefficient is controlled in order 
to prevent transmittance at the peripheral part of 
displaying screen from increasing (namely, to prevent light 

15 from framewise leaking) without impairing the optical 
compensating function of the film. 

The moisture expansion coefficient is measured in the 
following manner. The cellulose ester film is cut into ten 
pieces of 5 mm x 20 mm. One end of each piece is fixed, 

20 and a weight of 0.5 g is suspended from the other end. The 
hanging piece is left under the conditions of the 
temperature of 25*^0 and the relative humidity of 20%RH (RO) 
for 10 minutes, and then the length (LO) is measured. The 
humidity is then changed to 80%RH (Rl) while the 

25 temperature is kept 25**C, and the length (LI) is measured. 
From the obtained date, the moisture expansion coefficient 
is calculated according to the following formula. With 
respect to the ten pieces, the measurement is repeated and 
the obtained values are averaged. 

30 Moisture expansion coefficient [/%RH] = {(Ll- 

L0)/L0}/(R1-R0) 



35 



For preventing the cellulose ester film from 
dimensional change caused by moisture, a hydrophobic 
compound is preferably incorporated. The hydrophobic 
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compound may be in the form of fine particles. The 
hydrophobic compound is preferably selected from materials 
known as plasticizer and deterioration inhibitor. The 
hydrophobic compound preferably has a hydrocarbonyl group 
5 (aliphatic or aromatic group) as the hydrophobic group. 

The amount of the hydrophobic compound is preferably in the 
range of 0.01 to 10 wt.%/ base on the amount of prepared 
polymer solution (dope). 

It is also effective in reducing the dimensional 

10 change of cellulose ester film to decrease free volume in 
the film. For example, if remaining solvent used in the 
solvent cast method described later for forming the film is 
reduce, the free volume decreases. Accordingly, the film 
is preferably dried so that the amount of remaining solvent 

15 may be in the range of 0.01 to 1.00 wt.%. 

Examples of additives for the cellulose ester film 
include ultraviolet absorber, releasing agent, antistatic 
agent, deterioration inhibitors ( e . g . , oxidation inhibitor, 
peroxide decomposer, radical inhibitor, metal inactivating 

20 agent, oxygen scavenger, amine) and infrared absorber. 

If the cellulose ester film consists of plural layers, 
the layers may have different additives in different 
amounts. The additives are described in, for example, 
Japan institute of invention and innovation technical 

25 report No. 2001-1745. pp. 16-22. The amount of additives 
is generally in the range of 0.001 to 25 wt.% based on the 
weight of the cellulose ester film. 

The cellulose ester film is preferably prepared 
according to a solvent cast method. In the solvent cast 

30 method, a solution (dope) in which cellulose ester is 
dissolved in an organic solvent is used. 

The dope is cast on a drum or a band, and the solvent 
is evaporated to form a film. The solid content of the 
dope before cast is preferably controlled in the range of 
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18 to 35%. The surface of the drvim or band is preferably 
beforehand polished to be a mirror. 

The surface temperature of the drum or band is 
preferably lO'^C or below. After cast on the drum or band, 
5 the dope is blown with air for 2 seconds or more to dry. 
The formed film is then peeled, and further blown with hot 
air whose temperature is successively changed from 100**C to 
160**C in order to evaporate remaining solvent. This 
procedure is described in Japanese Patent Publication No. 

10 5(1993)-17844. That procedure can shorten the time taken 
to complete the steps of cooling to peeling. For 
performing the procedure, the cast dope must gel at the 
surface temperature of the drxrni or band. 

Two or more cellulose ester solutions (dopes) can be 

15 cooperatively cast to form two or more layers. For example, 
two or more outlets are arranged at intervals along the 
running direction of the support, and from each outlet each 
cellulose ester solution is extruded to form a layered film 
(Japanese Patent Provisional Publication No. 11(1999)- 

20 198285). Otherwise, cellulose ester solutions may be cast 
from two outlets to form a film (Japanese Patent 
Provisional Publication No. 6 ( 1994 )-134933 ) . Further, a 
flow of high-viscous cellulose ester solution may be 
enclosed with a flow of low-viscous one to form a layered 

25 flow, and the high- and low-viscous solutions in the 

layered flow may be simultaneously extruded to produce a 
film (Japanese Patent Provisional Publication No. 56(1981)- 
162617). 

The steps of the solvent cast-film forming process 
30 such as dissolving, casing (including cooperative casting), 
drying, peeling and stretching, as well as a metal support 
used in the procedures, are described in Japan institute of 
invention and innovation technical report No. 2001-1745. pp. 
22-30. 
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The cellulose ester film has a thickness of preferably 
15 to 120 im, more preferably 30 to 80 iim. 

The cellulose ester film is preferably subjected to 
surface treatment. Examples of the surface treatment 
5 include corona discharge treatment, glow discharge 
treatment, flame treatment, acid treatment, alkali 
treatment, and ultraviolet (UV) treatment. The surface 
treatment is described in Japan institute of invention and 
innovation technical report No. 2001-1745. pp. 30-32. 

10 It is particularly preferred to perform the alkali 

treatment, in which the cellulose ester film is saponified 
(alkali-saponif ication treatment). 

For the alkali-saponif ication treatment, the cellulose 
ester film may be immersed in a saponifying alkaline 

15 solution, or otherwise the cellulose ester film may be 
coated with the saponifying solution. The coating 
procedure is preferred. As the coating method, known 
methods such as dip-coating, curtain-coating, extrusion- 
coating, bar-coating and E-type coating can be adopted. 

20 The E-type coating method is particularly preferred. The 
alkali is preferably a hydroxide of alkali metal (e.g., 
potassium or sodium) , and namely the alkaline solution is 
preferably an aqueous solution of alkali metal hydroxide. 
The normality of hydroxyl ion in the solution is preferably 

25 in the range of 0.1 to 3.0 N. 

Solvents having good wettability to the film, surface 
active agents and wetting agents (e.g., diol, glycerol) may 
be added to the alkaline solution, to make the second opti- 
cally anisotropic layer wetted well with the alkaline 

30 solution and to improve the stability of the alkaline 

solution. The solvents having good wettability to the film 
are prefersibly alcohols (e.g., isopropyl alcohol, butanol, 
methanol, ethanol). The additives for the alkaline 
solution are described in Japanese Patent Provisional 

35 Publication No. 2002-82226 and PCT publication No. 02/46809. 
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In place of or in addition to the surface treatment, 
an undercoating layer (disclosed in Japanese Patent 
Provisional Publication No. 11 (1999) -248940) may be 
provided. Two or more undercoating layers may be provided. 
5 For example, an undercoating layer of polymer having both 
hydrophobic group and hydrophilic group is provided, and 
thereon another undercoating layer of hydrophilic polymer 
improving adhesion onto the orientation layer is provided 
(Japanese Patent Provisional Publication No. 11(1999)- 
10 248940). 

[Orientation layer] 

The orientation layer has a function of controlling 
the orientation direction in which discotic molecules in 

15 the first optically anisotropic layer are aligned. The 

orientation layer is, therefore, indispensable for forming 
the first anisotropic layer. However., if once the discotic 
molecules are aligned and fixed, the orientation layer is 
no longer necessary. For example, if the first optically 

20 anisotropic layer in which the alignment of discotic 

molecules is fixed is transferred onto the second optically 
anisotropic layer, a liquid crystal display without the 
orientation layer can be produced. In spite of that, the 
orientation layer is normally provided between the first 

25 and second optically anisotropic layers. 

The orientation layer can be formed by rubbing treat- 
ment of an organic compound (preferably a polymer), by 
oblique evaporation of an inorganic compound, by formation 
of a micro groove layer or by stimulation of an organic 

30 compound (e.g., co-tricosanoic acid, dioctadecylmethy- 

lammonium chloride, methyl stearate) according to a Lang- 
muir-Blodgett (LB) method. Further, the aligning function 
of the orientation layer can be activated by applying an 
electric or magnetic field to the layer or by irradiating 

35 the layer with light. 
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The orientation layer is preferably formed by rubbing 
treatment of a polymer layer. The polymer for the 
orientation layer normally has a molecular structure having 
a function of aligning the liquid crystal molecules. 
5 In addition, the polymer preferably has another 

function of fixing the alignment of liquid crystal 
molecules. For example, the polymer comprises a main chain 
to which a side chain having a crosslinkable functional 
group (e.g., double bond) is connected. The side chain may 

10 have a crosslinkable functional group aligning the liquid 
crystal molecules. 

The polymer for orientation layer is preferably itself 
crosslinkable or made to be crosslinkable by a crosslinking 
agent. The cross linkcU3le polymer is described in Japanese 

15 Patent Provisional Publication No. 8(1996)-338913, 

Paragraph No. 0022. Example of the crosslinkable polymer 
include polymetacrylate, polystyrene, polyolefin, polyvinyl 
alcohol, denatured polyvinyl alcohol, poly (N-me thy lol- 
acrylamide ) , polyester , polyimide , polyvinyl acetate , 

20 carboxymethylcellulose, polycarbonate, and copolymers 
thereof . 

Silane coupling agents may be used. Preferred 
examples are water-soluble polymers (e.g., poly(N- 
methylolacrylamide) , carboxymethylcellulose, gelatin, 

25 polyvinyl alcohol, denatured polyvinyl alcohol). Gelatin, 
polyvinyl alcohol and denatured polyvinyl alcohol are more 
preferred, and polyvinyl alcohol and denatured polyvinyl 
alcohol are most preferred. In particular, two or more 
polyvinyl alcohols or denatured ones having different 

30 polymerization degrees are preferably used in combination. 

The saponification degree of polyvinyl alcohol is in 
the range of preferadDly 70 to 100%, more preferably 80 to 
100%. The polymerization degree is prefereUaly in the range 
of 100 to 5,000. 
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The side chain having a function of aligning the 
liquid crystal molecules generally has a hydrophobic group 
as the functional group , , which is determined according to 
the liquid crystal molecules and the aimed alignment. 
5 For denaturing polyvinyl alcohol^ a denaturing group 

can be introduced through copolymerization reaction, chain 
transfer reaction or block polymerization reaction. 
Examples of the denaturing group include hydrophilic groups 
(e.g., carboxylic acid group, sulfonic acid group, 

10 phosphonic acid group, amino, ammonia, amide, thiol), 
hydrocarbonyl groups having 10 to 100 carbon atoms, 
fluorine-substituted hydrocarbonyl groups, alkylthio groups, 
polymerizable groups (e.g., unsaturated polymerizable 
groups, epoxy group, aziridinyl group), and alkoxysilyl 

15 groups ( trialkoxysilyl, dialkoxysilyl, monoalkoxysilyl) . 
The denatured polyvinyl alcohol is described in 
Japanese Patent Provisional Publication Nos. 2000-155216 
and 2002-62426. 

The denatured polyvinyl alcohol is preferably obtained 

20 through a reaction between polyvinyl alcohol and the 

compound represented by the following formula (I) or (II). 

(I) 



X-CO-(CH=CH)| 




25 

In the formula (I), is an alkyl group, an 
acryloylalkyl group, a methacryloyl group or an epoxyalkyl 
group; W is a halogen atom, an alkyl group or an alkoxy 
group; X is an atomic group forming an active ester, an 
30 acid anhydride or an acid halide; 1 is an integer of 0 or 
1; and n is an integer of 0 to 4. 
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(II) 

X1— CO-^ /)— O— (CH2)m-0-CO-CH^H2 




In the formula (II), is an atomic group forming an 
5 active ester, an acid anhydride or an acid halide; and m is 
an integer of 2 to 24. 

If the side chain having crosslinkable functional 
groups is combined with the main chain of the polymer of 
orientation layer or if crosslinkable functional groups are 

10 introduced into the side chain having a function of 
aligning the liquid crystal molecules, the polymer of 
orientation layer can be copolymerized with multifunctional 
monomers contained in the first optically anisotropic layer. 
As a result, covalent bonds are formed not only among the 

15 multifunctional monomers but also among the polymers of 

orientation layer and between the multifunctional monomers 
and the polymers of orientation layer. In this way, if the 
crosslinkable functional groups are introduced into the 
polymer of orientation layer, the optical compensatory film 

20 is remarkably reinforced. 

The crosslinkable functional groups for the polymer of 
orientation layer, as well as the multifunctional monomers, 
are preferably polymerizable. The crosslinkable functional 
group is described in Japanese Patent Provisional 

25 Publication No. 2000-155216, Paragraph Nos. 0080-0100. 

Apart from the crosslinkable functional group, the 
polymer of orientation layer can be crosslinked with a 
crosslinking agent. Examples of the crosslinking agent 
include aldehydes, N-methylol compounds, dioxane 

30 derivatives, compounds inducing the crosslinking reaction 
when their carboxyl groups are activated, active vinyl 
compounds, active halogen compounds, iso-oxazoles, and 
dialdehyde starch. Two or more crosslinking agents may be 
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used in combination. The crosslinking agent is described 
in Japanese Patent Provisional Publication No. 2002-62426. 
A highly active aldehyde is preferred, and glutaraldehyde 
is particularly preferred. 
5 The amount of the crosslinking agent is preferably in 

the range of 0.1 to 20 wt.%, more preferably in the range 
of 0.5 to 15 wt.% based on the amount of the polymer. 
After the crosslinking reaction, non-reacted crosslinking 
agent remains in an amount of 1.0 wt.% or less, more pref- 

10 erably 0.5 wt.% or less. If the amount of remaining 
crosslinking agent is thus reduced, a liquid crystal 
display does not cause reticulation even if used or left 
under hot and humid condition for a long time. 

The degree of crosslinking is preferably high ienough 

15 to reduce dust caused in the rubbing treatment. The 

crosslinking degree is defined by the formula: 1- (Ma/Mb) in 
which Ma and Mb are the amounts of remaining crosslinking 
agent and added crosslinking agent, respectively. The thus 
defined crosslinking degree is preferably in the range of 

20 50 to 100%, more preferably in the range of 65 to 100%, 
most preferably in the range of 75 to 100%. 

The orientation layer can be formed by the steps of: 
coating the second optically anisotropic layer with a 
coating solution containing the above polymer and the 

25 crosslinking agent, heating the applied solution to dry (to 
crosslink), and subjecting the dried layer to the irubbing 
treatment. The crosslinking reaction is conducted after 
the coating solution is applied. A mixture of an 
antifoaming organic solvent (e.g., methanol) and water is 

30 prefer eUDly used as a solvent of the coating solution in the 
case where a water-soluble polymer such as a polyvinyl 
alcohol is used as a material of the orientation layer. If 
a mixture of methanol and water is used, methanol is 
contained in an amount of prefereibly 1 wt.% or more, more 

35 preferably 9 wt.% or more. The antifoaming organic solvent 
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reduces bubbles to decrease aligning defects in the 
resultant orientation layer or in the first optically 
anisotropic layer remarkcdDly . 

The coating solution can be applied according to a 
5 conventional coating method such as a spin-coating method, 
a dip-coating method, a curtain method, an extrusion coat- 
ing method, a rod coating method or a roll coating method. 
The rod coating method is particularly preferred. 

In the case where a hydrophilic polymer such as 

10 polyvinyl alcohol is used in the orientation layer, the 
water content is controlled in consideration of film- 
hardness. The water content is preferably in the range of 
0.4 to 2.5%, more preferably in the range of 0.6 to 1.6%. 
The water content can be measured with a commercially 

15 available apparatus according to Karl Fischer's method. 

The thickness of the dried layer is preferably in the 
range of 0.1 to 10 jjm. 

The layer is dried at a temperature of 20 to 110**C. 
The temperature is prefercibly 60 to lOO^C so as to cross- 

20 link satisfyingly, more prefereibly 80 to 100**C. The time 
for drying is in the range of 1 minute to 36 hours, 
preferably in the range of 1 to 30 minutes. The pH value 
is prefercQDly controlled so that the used crosslinking 
agent can work optimally. For example, if glutaraldehyde 

25 is used, the pH value is preferadDly in the range of 4.5 to 
5.5. 

After the polymer layer is crosslinked, the surface of 
the layer is subjected to rubbing treatment to prepare the 
orientation layer. 

30 The rubbing treatment can be conducted in the manner 

adopted widely in aligning liquid crystal molecules of 
conventional liquid crystal display. The surface of the 
layer is rubbed with paper, cloth (gauze, felt, nylon, 
polyester) or rubber along a certain direction, to give the 

35 aligning function. Generally, the layer is rubbed several 
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1:imes with cloth on which fibers having the same length and 
thickness are provided. 

[First optically anisotropic layer] 
5 The first optically anisotropic layer is formed from 

discotic compound. 

The first optically anisotropic layer has a 
retardation value in the plane (Rel) preferably in the 
range of 10 to 50 nm, more preferably in the range of 25 to 
10 37 nm. 

The first optically anisotropic layer is preferably 
designed to compensate liquid crystal molecules in the 
liquid crystal cell displaying a black image. The 
alignment of liquid crystal molecules in the liquid crystal 

15 cell is described in IDW 'GO, FMC 7-2, pp. 411-414. 

The discotic compound is prefercU^ly liquid crystal, 
and may be a liquid crystal polymer having discotic 
molecular structure. Otherwise, although no longer 
behaving as liquid crystal, a compound obtained by 

20 polymerizing or crosslinking discotic liquid molecules of 
low molecular weight may be used. 

Examples of the discotic compound include benzene 
derivatives described in C. Destrade et al., Mol. Cryst. 
vol. 71, pp. Ill, (1981); truxene derivatives described in 

25 C. Destrade et al., Mol Cryst. vol. 122, pp. 141. (1985), 
Physics lett. A, vol. 78, pp. 82, (1990); cyclohexane 
derivatives described in B. Kohn et al., Angew. Chem. vol. 
96, pp. 70, (1984); and macrocyclic compounds of azacrown- 
type or phenylacetylene-type described in J. M. Lehn et al., 

30 J. Chem. Commun. pp. 1794, (1985), and J. Zhang et al., J. 
Am. Chem. Soc. vol. 116, pp.2655, (1994). 

The discotic compound behaving as liquid crystal 
generally has a structure in which a parent core is located 
at the center and straight chain groups such as alkyl, 

35 alkoxy and substituted benzoyl are radially substituted 
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around the parent core* Molecules of the compound or 
aggregate thereof are preferably rotationally symmetrical 
so that the compound can have orientation property. 
Although formed from discotic compound, the resultant first 
5 optically anisotropic layer does not always need to contain 
the discotic compound. For example, in forming the layer, 
a low molecular-weight discotic liquid crystal compound 
having a thermo- or photo-reactive group is polymerized by 
heat or light to form a polymer that does not behave as 

10 liquid crystal. Such polymer can be also used in the 

invention. The discotic compound is described in Japanese 
Patent Provisional Publication No. 8 ( 1996 ) -50206 . Japanese 
Patent Provisional Publication No. 8 ( 1996 ) -27284 describes 
polymerization of the discotic compound. 

15 For fixing molecules of the discotic compound by 

polymerization, a polymerizable group should be bound to a 
discotic core of the discotic molecule. In order to keep 
the alignment in the polymerization reaction, a linking 
group is introduced between the discotic core and the 

20 polymerizable group. The discotic compound having a poly- 
merizable group is described in Japanese Patent Provisional 
Publication No. 2000-155216, Paragraph Nos. 0151-0168. 

The discotic compound having a polymerizable group is 
preferably represented by the following formula: 

25 D(-L-Q)n 

in which D is a discotic core; L is a divalent linking 
group; Q is a polymerizable group; and n is an integer of 4 
to 12. 

Examples of the discotic cores (D) are shown below. 
30 In the examples, LQ (or QL) means the combination of the 

divalent linking group (L) and the polymerizable group (Q) . 



- 37 - 




- 40 - 



(D13) (D14) 
QL LQ QL LQ 




LQ 



In the above formula, the divalent linking group (L) 
preferably is selected from the group consisting of an 
alkylene group, an alkenylene group, an arylene group, -CO, 
5 -NH-, -0-, -S- and combinations thereof. L more preferably 
is a divalent linking group comprising at least two diva- 
lent groups selected from the group consisting of an alky- 
lene group, an arylene group, -CO-, -NH-, -O- and -S-. L 
further preferably is a divalent linking group comprising 
10 at least two divalent groups selected from the group 

consisting of an alkylene group, an arylene group, -CO- and 
-0-. The alkylene group preferably has 1 to 12 carbon 



- 41 - 



atoms . The alkenylene group preferably has 2 to 12 carbon 
atoms. The arylene group preferably has 6 to 10 carbon 
atoms . 

Examples of the divalent linking groups (L) are shown 
below. In the examples, the left side is attached to the 
discotic core (D), and the right side is attached to the 
polymerizable group (Q) • The AL means an alkylene group or 
an alkenylene group. The AR means an arylene group. The 
alkylene group, the alkenylene group and the arylene group 
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The polymerizable group (Q) in the above formula is 
determined according to the polymerization reaction. The 
polymerizable group (Q) prefercibly is an unsaturated 
polymerizable group or an epoxy group, more preferably is 
5 an unsaturated polymerizable group, and most preferably is 
an ethylenically unsaturated group. 

In the above formula, n is an integer of 4 to 12, 
which is determined according to the chemical structure of 
the discotic core (D) . The plural combinations of L and Q 
10 can be different from each other, but are preferably 
identical . 

In the first optically anisotropic layer, the discotic 
molecules are aligned so that molecular axes may be at an 
angle of 43** to 47** on average to the longitudinal 

15 direction. 

If the discotic molecules are oriented in hybrid 
alignment, the discotic planes of molecules are inclined 
from a plcine of the polarizing membrane at angles varying 
in the direction of depth of the first optically 

20 cuiisotropic layer. The angle of each discotic plane 

generally increases or decreases with increase of distance 
in the direction of depth from the surface of the 
polarizing membrane. The angle preferably decreases with 
increase of the distance. Further, examples of variation 

25 of the inclined angle include continuous increase, 

continuous decrease, intermittent increase, intermittent 
decrease, variation containing continuous increase and 
decrease, and intermittent Vcuriation containing increase or 
decrease. The intermittent variation contains an area 

30 where the angle does not vary in the course of the 

thickness direction of the layer. Even if not vary in the 
course, the angle totally increases or decreases in the 
layer. The angle preferably varies continuously. 

The direction in which discotic molecules on the 

35 polarizing membrane side are oriented on average can be 
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generally controlled by selecting the discotic compound or 
materials of the orientation layer ^ or by selecting methods 
of the rubbing treatment. On the other hand, the average 
direction on the free surface (air) side can be also 
5 generally controlled by selecting the discotic compound or 
additives used together with the compound. 

Examples of the additives include plasticizer, 
surface-active agent, polymerizeJDle monomer and polymer. 
Further, how much the orientation direction of the long 

10 axes varies can be also controlled by the above selection. 
It is also possible to improve evenness of the layer, 
strength of the layer and orientation of the discotic 
molecules by selecting the plasticizer, the surface-active 
agent and the polymerizable monomer. These additives are 

15 preferedDly compatible with the discotic compound, 

prefereJaly give variation of the inclined angle, and 
preferably do not prevent the discotic molecules from 
aligning. 

Examples of the polymerizable monomer include cationic 
20 polymerizable compounds and radical-polymerizcible compounds. 
Multifunctional radical-polymerizable monomers are 
preferred. Polymerizable groups of the monomers are 
preferably copolymerized with polymerizable groups of the 
discotic molecules. The polymerizable monomer is described 
25 in Japanese Patent Provisional Publication No. 2002-295423, 
Paragraph Nos. 0018-0020. The polymerizable monomer is 
added generally in an amount of 1 to 50 wt.%, preferably in 
an amoxint of 5 to 30 wt.% based on the amount of the 
diiscotic compound. 
30 The surface-active agent is preferably a fluorine- 

containing compound, and is described in Japanese Patent 
Provisional Publication No. 2001-330725. 

The polymer preferably changes the inclined angle of 
discotic molecules. 



- 44 - 



The polymer is preferably cellulose ester or cellulose 
ether ^ more preferably cellulose ester. The cellulose 
ester is described in Japanese Patent Provisional 
Publication No. 2000-155216, Paragraph No. 0178. In order 
5 not to prevent the discotic molecules from aligning, the 
amount of the polymer is generally in the range of 0 . 1 to 
10 wt.%, preferably in the range of 0,1 to 8 wt.%, more 
prefersLbly in the range of 0.1 to 5 wt.% based on the 
amount of the discotic compound. 

10 The transition temperature from discotic nematic phase 

to solid phase of the discotic compound is preferably in 
the range of 70 to SOO^'C, more preferably 70 to 17 0''C 

For preparing the first optically anisotropic layer, 
the orientation layer is coated with a coating solution 

15 containing the discotic compound and, if needed, other 

components such as polymerization initiator described later. 

Solvent of the coating solution preferably is an 
organic solvent. Examples of the organic solvents include 
amides (e.g., N , N-dimethyl f ormamide ) , sulfoxides (e.g., 

20 dimethylsulfoxide) , heterocyclic compounds (e.g., pyridine), 
hydroccirbons (e.g., benzene, hexane), alkyl halides (e.g., 
chloroform, dichlorome thane ) , esters (e.g., methyl acetate , 
butyl acetate), ketones (e.g., acetone, methyl ethyl 
ketone) and ethers (e.g., tetrahydrofuran, 1,2- 

25 dimethoxyethane ) . Alkyl halides and ketones are preferred. 
Two or more organic solvents can be used in combination. 

The solution can be spread according to a conventional 
coating method (such as a wire-bar coating method, an 
extrusion coating method, a direct gravure coating method, 

30 a reverse gravure coating method or a die coating method) . 

The thickness of the first optically anisotropic layer 
is prefercUDly in the range of 0.1 to 20 pm, more preferably 
in the range of 0.5 to 15 pm, most preferably in the range 
of 1 to 10 jjm. 
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The aligned discotic molecules can be fixed with the 
alignment kept. The molecules are fixed preferably by a 
polymerization reaction. The polymerization reaction can 
be classified into a thermal reaction with a thermal 
5 polymerization initiator and a photoreaction with a photo 
polymerization initiator. A photo polymerization reaction 
is preferred. 

Examples of the photo polymerization initiators in- 
clude a-carbonyl compounds (described in US Patent Nos. 

10 2,367,661, 2,367,670), acyloin ethers (described in US 

Patent No. 2,448,828), a-hydrocarbon substituted aromatic 
acyloin compounds (described in US Patent No. 2,722,512), 
polycyclic guinone compounds (described in US Patent Nos. 
2,951,758, 3,046,127), combinations of triaryl imidazoles 

15 and p-aminophenyl ketones (described in US Patent No. 

3,549,367), acridine or phenazine compounds (described in 
Japanese Patent Provisional Publication No. 60( 1985)-105667 
and US Patent No. 4,239,850) and oxadiazole compounds (de- 
scribed in US Patent No. 4,212,970). 

20 The amount of the photo polymerization initiator is 

preferably in the range of 0.01 to 20 wt.%, and more pref- 
erably in the range of 0.5 to 5 wt.% based on the solid 
content of the coating solution. 

The light irradiation for the photo polymerization is 

25 preferably conducted with ultraviolet rays. 

The exposure energy is preferably in the range of 20 
mJ/cm2 to 50 J/cm^, more preferably in the range of 20 to 
5,000 mJ/cm2, most preferably in the range of 100 to 800 
mJ/cm2. The light irradiation can be conducted while the 

30 layer is heated to accelerate the photo polymerization 
reaction. 

A protective layer may be provided on the first 
optically anisotropic layer. 
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[Production of optical compensatory film] 

The optical compensatory film is generally produced in 
the form of a roll. The rolled optical compensatory film 
is prefercUDly produced through a process comprising the 
5 following successive steps: 

(1) subjecting a belt-shaped cellulose ester film 
(second optically anisotropic layer) or an orientation 
layer provided on the cellulose ester film to the rubbing 
treatment with a rubbing roller^ 
10 (2) coating the rubbed surface with a coating 

solution containing the discotic compound, 

(3) drying the spread coating solution and then or 
at the same time aligning molecules of the discotic 
compoiind at a temperature above the transition temperature 

15 to liquid crystal, and fixing the alignment to prepare the 
first optically anisotropic layer, and 

(4) winding up the belt-shaped laminate comprising 
the prepared first optically anisotropic layer. 

In the above step (3), while the discotic molecules 

20 are dried at a temperature above the liquid crystal- 
transition temperature, a speed (V) of air flowing over the 
surface in a direction other than the rubbing direction 
prefercU^ly satisfies the following condition. The speed 
(V) is most preferably in the range of 0 to 2.5x10"^ x t). 

25 0 < V < 5.0x10-3 X Ti 

In the formula, V is a speed of flowing air over the 
surface of spread discotic compound (m/sec), ri is a 
viscosity (cp) of the first optically anisotropic layer at 
the temperature for aligning the discotic molecules. 

30 In the optical compensatory film produced successively 

and stably through the steps (1) to (4), the average of 
directions (average direction of molecular symmetrical axes 
in the first optically anisotropic layer) obtained by 
projecting molecular symmetrical axes of the discotic 

35 molecules onto the plane of cellulose ester film (second 
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optically anisotropic layer) is different from the slow 
axis in the plane of cellulose ester film (i.e., the 
longitudinal direction of cellulose ester film) , and the 
average direction of molecular symmetrical cuces is at an 
5 angle of -2** to 2"* , preferably -1^ to l"* , essentially O"" to 
the rubbing direction. In other words, the process 
comprising the steps (1) to (4) is suitcible for mass- 
production. 

If the optical compensatory film is installed in a 
10 liquid crystal of OCB mode, the average direction of 

molecular symmetrical axes is preferably at essentially 45** 
to the slow axis in the plane (longitudinal direction) of 
cellulose ester film. 

In the step (2), a polymerizable discotic compound 
15 having crosslinkable functional group is used as the 

discotic compound. In the step (3), the coating layer is 
then continuously irradiated with light to polymerize and 
harden the compound, so that the alignment of the molecules 
is fixed. After that, the step (4) is successively 
20 conducted. 

In the step (1), while dust is prevented from rising, 
the rubbing treatment can be carried out by means of the 
rubbing roller. 

Prior to the step ( 2 ) , dust may be removed from the 
25 rubbed surface of cellulose ester film or orientation layer. 

Also prior to the step ( 2 ) , optical characters of the 
formed first optically anisotropic layer may be 
successively measured to evaluate. 

The steps (1) to (4) are described in Japanese Patent 
30 Provisional Publication No. 9( 1997)-73081. 

In consideration of handling and durability of rubbing 
cloth, the rubbing roller used in the step (1) has a 
diameter of preferably 100 to 500 mm, more preferably 200 
to 400 mm. The roller must have a width wider than the 
35 conveyed film, and is preferably V2 times as wide as the 
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film. The rotation rate of the roller is preferably low 
enough to reduce dust, and is determined according to the 
alignment of the discotic molecules. The rotation rate is 
preferably in the range of 100 to 1,000 rpm, more 
5 prefer eUDly in the range of 250 to 850 rpm. 

In the rubbing treatment with the roller rotating at a 
low speed, the cellulose ester film (second optically 
anisotropic layer) or the orientation layer is preferably 
heated to keep the alignment of discotic molecules. The 

10 temperature of the surface when heated is preferably in the 
range of (glass transition temperature of material-50**C ) to 
(glass transition temperature of material+50®C ) . If the 
orientation layer is made of polyvinyl alcohol, the 
humidity in the rxibbing treatment is preferably also 

15 controlled. The relative humidity at 25**C is preferably in 
the range of 25 to 70%, more preferably in the range of 30 
to 60%, most preferably in the range of 35 to 55%. 

The conveying speed of the cellulose ester film is 
preferably in the range of 10 to 100 m/min. , more 

20 preferably in the range of 15 to 80 m/min. in consideration 
of productivity and alignment of the liquid crystal 
molecules. The film can be conveyed in various known 
systems conventionally used. There is no restriction on 
the conveying method. 

25 The orientation layer can be formed by spreading and 

drying a coating solution containing material such as 
polyvinyl alcohol dissolved in water or in an organic 
solvent on the cellulose ester film (second optically 
anisotropic layer). The orientation layer can be formed 

30 before the above steps. It is also possible to form the 
orientation layer continuously on the conveying cellulose 
ester film (second optically anisotropic layer). 

In the step ( 2 ) , the rubbed surface is coated with a 
coating solution containing the discotic compound. Solvent 

35 of the coating solution preferably is an organic solvent. 
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Examples of the organic solvents include amides (e.g., N,N- 
dimethylf ormamide ) , sulfoxides (e.g., dimethyl sulfoxide ) , 
he terocyc lie compounds (e.g., pyridine ) , hydroc arbons (e.g., 
benzene, hexane), alkyl halides (e.g., chloroform, 
5 dichloromethane ) , esters (e.g., methyl acetate , butyl 

acetate), ketones (e.g., acetone, methyl ethyl ketone) and 
ethers (e.g., tetrahydrof uran, 1, 2 -dime thoxye thane ) . Alkyl 
halides and ketones are preferred. Two or more organic 
solvents can be used in combination. 

10 In order to form a highly homogeneous first optically 

anisotropic layer, the coating solution has a surface 
tension of preferably 25 mN/m or less, more preferably 22 
mN/m or less. 

A surface-active agent is preferably added to the 

15 coating solution, to reduce the surface tension. As the 

surface-active agent, a fluorine-containing surface-active 
agent is preferred. A surface-active agent of fluorine- 
containing polymer is more preferred, and a surface-active 
agent of f luoro-aliphatic group-containing polymer is most 

20 preferred. The fluorine-containing polymer may be a 

copolymer comprising fluorine-containing repeating units 
cind other repeating units (for example, units derived from 
polyoxyalkylene (meth ) aery late ) . 

The fluorine-containing polymer has a weight average 

25 molecular weight of preferably 3,000 to 100,000, more 

preferably 6,000 to 80,000. The amount of the fluorine- 
containing polymer is preferably in the range of 0.005 to 8 
wt.%, more preferably in the range of 0.01 to 1 wt.%, most 
preferably in the range of 0.05 to 0.5 wt.%, based on the 

30 solute (components other than the solvent), which mainly 
comprises the discotic compound, of the coating solution. 

The coating solution can be spread on the rubbed 
surface according to a conventional coating method (such as 
a wire-bar coating method, an extrusion coating method, a 

35 direct gravure coating method, a reverse gravure coating 
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method or a die coating method ) • The amount of the spread 
solution is determined according to the thickness of first 
optically anisotropic layer. 

In the step ( 3 ) , the spread coating solution is dried 
5 and then or at the same time heated at a temperature above 
the liquid crystal-transition temperature, to align 
molecules of the discotic compound. The aligned molecules 
are then fixed to prepare the first optically anisotropic 
layer. Heating in drying or after drying orients the 

10 molecules in a desired alignment. The temperature in 

drying can be determined according to boiling point of the 
solvent for the coating solution, the cellulose ester film 
(second optically anisotropic layer), and material of the 
orientation layer. The temperature for aligning the 

15 discotic molecules depends on the liquid crystal phase- 
solid phase transition temperature, and is prefereJDly in 
the range of 70 to 300**C, more preferably in the range of 
70 to 170^C. 

The viscosity in liquid crystal state is prefereUDly in 
20 the range of 10 to 10,000 cp, more preferably in the range 
of 100 to 1,000 cp. If the viscosity is too low, the 
liquid crystal molecules are so sensitive to flowing air 
that the speed and direction of flowing air must be 
precisely controlled. On the other hand, if the viscosity 
25 is too high, the molecules are oriented so slowly that the 
productivity is impaired though not affected by flowing air. 

The viscosity of the liquid crystal layer depends on 
molecular structure of the discotic compound. It is also 
possible to control the viscosity by adding the additives 
30 (e.g., cellulose ester, cellulose ether) of the first 
optically auiisotropic layer or gelling agent. 

The spread coating solution can be blown with air 
heated at a predetermined temperature, or conveyed in a 
room heated at the predetermined temperature. 
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The aligned discotic molecules are fixed with the 
alignment kept, and thereby the first optically anisotropic 
layer is formed. The process for fixing the alignment is 
explained above for the first optically anisotropic layer* 
5 Prior to the step ( 4 ) , a protective layer can be 

formed on the first optically anisotropic layer formed in 
the step (3). For example, a beforehand-prepared 
protective film can be laminated continuously on the 
surface of the belt-shaped first optically anisotropic 
10 layer. 

In the step (4), a belt-shaped laminate comprising the 
formed first optically anisotropic layer is wound up. For 
example, the laminate of first and second optically 
anisotropic layers is continuously wound up around a 
15 cylindrical core. 

The optical compensatory film obtained in the step (4) 
is in the form of a roll, cuid hence is easily handled even 
if mass-produced. In addition, the rolled film can be 
easily stored or conveyed. 

20 

[Polarizing plate] 

The first and second optically anisotropic layers are 
combined with the polarizing membrane, to form a polarizing 
plate . 

25 From the discotic compound, the first optically 

anisotropic layer can be formed on the orientation layer on 
the polarizing membrane or directly on the polarizing 
membrane without the orientation layer. The coating 
solution is spread on the polarizing membrane (or on the 

30 orientation layer thereon) to form the first optically 
anisotropic layer. Not the second optically anisotropic 
layer but the first anisotropic layer is formed on the 
polarizing membrane, so that the polarizing plate can be 
produced without providing a polymer film between the 

35 polarizing membrane and the optically anisotropic layers. 
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Accordingly, the produced polarizing plate is thin enough 
to reduce stress (distortion x area of cross section x 
modulus of elasticity) caused by dimension change of the 
membrane. The polarizing plate less suffering the stress 
5 does not leak light and gives an image of high cpjality even 
if installed in a large liquid crystal display. 

The polarizing membrane may be of coating type (Optiva 
Inc.) or of aligning type. The polarizing membrane of 
aligning type comprises a binder and either iodine or a 

10 dichromatic dye. Iodine or the dichromatic dye in the 

polarizing membrane causes polarizing functions when the 
molecules thereof are oriented • They are preferaibly 
oriented along the binder molecules, or otherwise the 
molecules of dichromatic dye preferably automatically 

15 organize to be oriented in a certain direction like liquid 
crystal molecules do. 

Commercially available polarizing membranes are 
generally produced by immersing stretched polymer films in 
a bath of iodine or dichromatic dye solution so that the 

20 iodine or dichromatic dye may penetrate into the binder. 

In a commercially available polarizing membrane, the iodine 
or dichromatic dye is distributed within the depth of 
approx. 4 fjm from each of the top and bottom surfaces (the 
total thickness of the penetration is approx. 8 pim) . 

25 However, in order to obtain sufficient polarizability , the 
depth where the iodine or dichromatic dye is distributed is 
required to be at least 10 /im in total. How deeply the 
iodine or dichromatic dye penetrates can be controlled by 
adjusting the concentration of iodine or dichromatic dye 

30 solution, the temperature of bath and/or the time for 
immersing. 

The polarizing membrane is preferably thinner than a 
commercially available polarizing membrane (having approx. 
30 lira). The thickness is more preferably 25 pim or less, 
35 further preferably 20 fim or less. The polarizing membrane 
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having a thickness of 20 pm or less prevents a large liquid 
crystal display of 17 inches from leaking light. 

The binder of the polarizing membrane may be 
crosslinked. A polymer crosslinkable by itself can be used 
5 as the binder. Further, a polymer which originally has 
functional groups or to which functional groups are 
introduced can be reacted with light, heat or pH variation 
to form the polarizing membrane. Otherwise, the polymer 
may be crosslinked with a crosslinking agent. In detail, 
10 bonding groups given by the reactive crosslinking agent can 
be introduced to crosslink the binder of the polarizing 
membrane . 

In a normal process, a coating solution containing the 
polymer and, if needed, the crosslinking agent is spread to 

15 coat the cellulose ester film (second optically anisotropic 
layer), and then heated to induce the crosslinking reaction. 
The reaction may be caused at any stage from the first step 
to the final step of producing the resultant membrane, so 
long as the resultant membrane has sufficient durability. 

20 Polymers cross linkcdDle either by itself or with 

crosslinking agents can be used. Examples of the polymers 
include polymethyl methacrylate, polyacrylic acid, 
polymethacrylic acid, polystyrene, polyvinyl alcohol and 
denatured polyvinyl alcohol, poly(N-methylolacrylamide) , 

25 polyvinyl toluene, chlorosulf onated polyethylene, 

nitrocellulose, chlorinated polyolefin (polyvinyl chloride), 
polyester, polyimide, polyvinyl acetate, polyethylene, 
carboxymethyl cellulose, polypropylene, polycarbonate, and 
copolymers thereof (e.g., acrylic ac id/me thacry lie acid 

30 copolymer, styrene/maleinimide copolymer, styrene/vinyl- 
toluene copolymer, vinyl acetate /vinyl chloride copolymer, 
ethylene /vinyl acetate copolymer). Silane-coupling agents 
are also uscQ^le as the polymer. Preferred examples are 
water-soluble polymers (e.g., poly ( N-methy lolacry lamide ) , 

35 carboxymethylcellulose, gelatin, polyvinyl alcohol and 
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denatured polyvinyl alcohol). Gelatin^ polyvinyl alcohol 
and denatured polyvinyl alcohol are particularly preferred ^ 
and polyvinyl alcohol and denatured polyvinyl alcohol are 
most preferred. 

5 The saponification degree of the polyvinyl alcohol or 

denatured polyvinyl alcohol is in the range of 70 to 100%, 
preferably in the range of 80 to 100%, more preferably in 
the range of 95 to 100%. The polymerization degree of the 
polyvinyl alcohol is preferably in the range of 100 to 
10 5,000. 

Examples of the denatured polyvinyl alcohol include 
polyvinyl alcohols denatured by copolymerization, by chain 
treuisfer and by block polymerization. Examples of the 
denaturing group in the copolymerization include COONa, 

15 Si (OX) 3 (in which X is hydrogen or an alkyl group), 

N(CH3)3^C1, C9H19COO, S03Na and 012^25- Examples of the 
denaturing group in the chain transfer include COONa, SH 
and Ci2H25- The polymerization degree of the denatured 
polyvinyl alcohol is preferably in the range of 100 to 

20 3,000. The denatured polyvinyl alcohol is described in 

Japanese Patent provisional Publication Nos. 8 ( 1996) -338913, 
9(1997)-152509 and 9 ( 1997 ) -316127 . 

Non-denatured or alkylthio-denatured polyvinyl 
alcohols having saponification degrees of 85 to 95% are 

25 particularly preferred. 

Two or more non-denatured and denatured polyvinyl 
alcohols may be used in combination. 

The crosslinking agent is described in U.S. 
Republished Patent No . 23,297. Boron compounds (e.g., 

30 boric acid, borax) are also usable as the crosslinking 
agent • 

The more the crosslinking agent is added, the more the 
durability of polarizing membrane against moisture and heat 
is improved. However, if the amount of crosslinking agent 
35 is 50 wt.% or more based on the amount of the binder, the 
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molecules of iodine or dichromatic dye are poorly aligned. 
Accordingly, the amount of crosslinking agent is preferably 
in the range of 0.1 to 20 wt.%, more preferably in the 
range of 0.5 to 15 wt.% based on the amount of the binder. 
5 Even after the crosslinking reaction is completed, the 
binder contains non-reacted crosslinking agent a little. 
The amount of the non-reacted crosslinking agent remaining 
in the binder is preferably not more than 1.0 wt.%, more 
preferably not more than 0.5 wt.% based on the amount of 

10 the binder. If the binder contains the non-reacted agent 
in an amount of more than 1.0 wt.%, the membrane often has 
poor durability. If the polarizing membrane containing a 
considerable amount of remaining crosslinking agent is 
installed in a liquid crystal display and used for a long 

15 time or left under hot and humid condition, the 
polar izcJDility is often lowered. 

Examples of the dichromatic dye include azo dyes, 
stilbene dyes, pyrazolone dyes, triphenyl methane dyes, 
guinoline dyes, oxazine dyes, thiazine dyes, and 

20 anthraquinone dyes. Water-soluble dyes are preferred. The 
dichromatic dye preferably has a hydrophilic group (e.g., 
sulfo, amino, hydroxyl). Examples of the dichromatic dye 
further include C.I. direct yellow 12, C.I. direct orange 
39, C.I. direct orange 72, C.I. direct red 39, C.I. direct 

25 red 79, C.I. direct red 81, C.I. direct red 83, C.I. direct 
red 89, C.I. direct violet 48, C.I. direct blue 67, C.I. 
direct blue 90, C.I. direct green 59 cind C.I. direct acid 
red 37. Japcuiese Patent Provisional Publication Nos. 
1(1989)-161202, 1(1989)-172906, 1( 1989 )-172907 , 1(1989)- 

30 183602, 1(1989)-248105, 1( 1989)-265205 and 7( 1995)-261024 
describe the dichromatic dye. 

The dichromatic dye is used in the form of a free acid 
or a salt (alkali metal salt, ammonium salt, amine salt). 
Two or more dichromatic dyes may be used in combination, to 

35 produce polarizing membranes having various hues. For 
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example, a dichromatic dye or a mixture of various 
dichromatic dyes showing black hue when polarizing axes are 
perpendicularly crossed is preferred. The polarizing 
membrane comprising such dichromatic dye or mixture is 
5 excellent in both polarizcJ^ility and transmittance when 
singly used. 

For producing the polarizing membrane, the binder is 
stretched in the longitudinal (MD) direction (stretching 
method), or otherwise the membrane after subjected to the 

10 rubbing treatment is dyed with iodine or the dichromatic 
dye (rubbing method). 

In stretching the binder, the stretching ratio is 
preferably in the range of 2.5 to 30.0, more preferably in 
the range of 3.0 to 10.0. The stretching can be carried 

15 out either in air (dry stretching) or in water (wet 

stretching). The stretching ratio in dry stretching is 
preferably in the range of 2.5 to 5.0 while that in wet 
stretching is preferably in the range of 3.0 to 10.0. The 
stretching may be carried out several times, and if so the 

20 binder can be evenly stretched even in a high stretching 

ratio. Before thus stretched, the binder may be beforehand 
laterally or longitudinally pre-stretched (so slightly that 
the lateral shrinkage may be prevented) . 

In consideration of production, the binder is 

25 preferc±>ly stretched in a direction inclined at 10** to 8 0** 
to the longitudinal (MD) direction of the membrane. In 
that case, the binder can be biaxially stretched rightward 
and leftward in different steps. The biaxial stretching 
can be carried out in the normal manner conventionally 

30 adopted in forming a known film. Since the rightward and 
leftward stretching speeds in the biaxial stretching are 
different from each other, it is necessary to form the 
binder film before stretched so that the thickness at the 
right side and that at the left side are different from 

35 each other. For example, in forming the film by casting a 
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binder solution, a die equipped with a taper can be used so 
that the amount of the solution cast on the right side and 
that on the left side may be different from each other. 

The inclined angle is preferably corresponding to the 
5 angle between the longitudinal or lateral direction of 

liquid crystal cell and the transmission axes of polarizing 
plates laminated on both sides of the cell' in the liquid 
crystal display. The inclined angle is normally 45®, but 
is not always 45® in a recently developed liquid crystal 

10 display of transmission type, reflection type or semi- 
transmission type. The stretching direction is, hence, 
preferably adjusted according to the designed display. 

Thus, a binder film stretched obliquely at 10® to 80® 
to the MD direction of the polarizing membrane can be 

15 produced. 

The rubbing treatment can be conducted in the manner 
adopted widely in aligning liquid crystal molecules of 
liquid crystal display. The surface of the film is rubbed 
with paper, cloth (gauze, felt, nylon, polyester) or rubber 

20 along a certain direction, to give the aligning function. 
Generally, the film is rubbed several times with cloth on 
which fibers having the same length and thickness are pro- 
vided. It is preferred to use a rubbing roll whose out of 
roundness, out of cylindricalness and eccentricity are all 

25 30 pim or less. The lapping angle of the film onto the 

rubbing roll is preferably in the range of 0.1 to 90®. As 
described in Japanese Patent Provisional Publication No. 
8 ( 1996) -160430, the lapping angle may be 360® or more 
(namely, the film may be wound around the roll) to perform 

30 the rubbing treatment stably. 

In the case where a long be It- shaped film is subjected 
to the rubbing treatment, the film is prefercJ3ly 
transferred with a constant tension at a speed of 1 to 100 
m/minute. The rubbing roll preferably rotates parallel to 

35 the transferring direction so freely that the rubbing angle 
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can be desirably set up. The rubbing angle is preferably 
in the range of 0^ to 60**. For the liquid crystal display, 
the rubbing angle is preferably in the range of 40® to 50®, 
particularly 45®. 
5 On both surfaces of the polarizing membrane, 

protective films are preferably provided. One of the 
protective films is a part of rolled optical compensatory 
film, to form, for example, a layered structure of 
protective film/polarizing membrane /second optically 

10 anisotropic layer/first optically anisotropic layer in this 
order, or otherwise a layered structure of protective 
film/polarizing membrane /second optically anisotropic 
layer /orientation layer /first optically anisotropic layer 
in this order. The polarizing membrane and the first 

15 optically anisotropic layer may be laminated with an 
adhesive. Examples of the adhesive include polyvinyl 
alcoholic resins (including polyvinyl alcohols denatured 
with acetoacetyl group, sulfonic acid group, carboxyl group 
or oxyalkylene group) or aqueous solution of boron 

20 compounds. Polyvinyl alcoholic resins are preferred. 

The layer of adhesive after dried is prefereJDly in the 
range of 0.01 to 10 f/m, more preferably in the range of 
0.05 to 5 pm. 

The polarizing membrane preferably has such a high 
25 transmittance and such a high polar izability that the 

resultant liquid crystal display can give an image of high 
contrast. The transmittance at 550 nm is preferably in the 
range of 30 to 50%, more preferably in the range of 35 to 
50%, most prefereOjly in the range of 40 to 50%. The 
30 polarizcUDility at 550 nm is preferably in the range of 90 
to 100%, more preferably in the range of 95 to 100%, most 
preferably in the range of 99 to 100%. 

On the surface of the polarizing plate, a light- 
defusing film or an anti-glare film may be laminated. 



35 
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[Light-defusing or anti-glare film] 

Fig. 7 is a sectional view schematically illustrating 
a representative light-defusing film. 

The light-defusing film (9) comprises a transparent 
base film (20) and a thereon-provided light-defusing layer 
(30) in which first transparent fine particles (41) and 
second transparent fine particles (42) are dispersed in 
transparent resin (35). In the following description, a 
case where particles of two materials (having different 
refractive indexes) having two different distribution peaks 
are used is explained by way of example. However, 
particles of the same material (having the same refractive 
index) having two different distribution peaks can be used. 
Transparent fine particles of only one kind may be used. 

The first transparent fine particles (41) are made of 
a transparent resin, for example, are silica fine particles 
(mean size: 1.0 ^an, refractive index: 1.51), and the second 
transparent fine particles (42) are made of another 
transparent resin, for example, are styrene beads (mean 
size: 3.5 ^jm, refractive index: 1.61). Because of 
difference in the refractive index between the transparent 
fine particles (41 and 42) and the transparent resin (35), 
light is defused. The difference of refractive index is 
preferably in the range of 0.02 to 0.15. If the difference 
is less than 0.02, light is often defused little, if the 
difference is more than 0.15, light is so defused that the 
whole film is often whitened. The difference of refractive 
index is more preferably in the range of 0.03 to 0.13, most 
preferably in the range of 0.04 to 0.10. 

On the viewer-side of the polarizing membrane, an 
anti-reflection layer is preferably provided. The anti- 
reflection layer also serves as the protective film on the 
viewer-side of the polarizing membrane. The anti- 
reflection layer preferably has an inner haze of 50% or 
more in order to prevent the displayed image from changing 
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hues according to the viewing angle. The anti-reflection 
layer is described in Japanese Patent Provisional 
Publication Nos. 2001-33783, 2001-343646 and 2002-328228. 

[Liquid crystal display] 

In a liquid crystal cell of bend alignment mode, rod- 
like liquid crystal molecules in upper parts and ones in 
lower parts are essentially reversely (symmetrically) 
aligned. The liquid crystal, display equipped with the cell 
of bend alignment mode is described in U.S. Patent Nos. 
4,583,825 and 5,410,422. Since the rod-like liquid crystal 
molecules near the top and those near the bottom are 
symmetrically aligned, the liquid crystal cell of bend 
alignment mode has self -compensating function. Therefore, 
such mode is referred to as OCB (optically compensatory 
bend) mode. 

In the liquid crystal cell of OCB mode displaying a 
black image, the rod-like liquid crystal molecules at the 
central part are standing while those near the substrates 
are lying. 

The liquid crystal cell of bend alignment mode has a 
value of Anxd preferably in the range of 100 to 1,500 nm, 
more preferably in the range of 500 to 1,000 nm. 

In a liquid crystal cell of hybrid alignment mode, 
rod-like liquid crystal molecules in the upper part are 
oriented in homeotropic alignment while ones in the lower 
part are in homogeneous alignment. The rod-like liquid 
crystal molecules as a whole are thus oriented in hybrid 
alignment. The liquid crystal cell of hybrid alignment 
mode is preferably installed in a liquid crystal display of 
reflection type. * 

The liquid crystal cell of hybrid alignment mode has a 
value of Anxd preferably in the range of 50 to 750 nm, more 
preferably in the range of 250 to 500 nm. 
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[Examples] 

In the following examples, each retardation value at 
the wavelength K in the plane [Re(X)] is measured by means 
of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS CO., LTD.) when 
5 incident light of k nm comes into the film in the normal 
direction. The retardation value at the wavelength X. in 
the thickness direction [Rth(X)] is calculated with 
K0BRA21ADH on the basis of an average retardation value, an 
assumed average refractive index and the thickness. The 

10 average retardation value is an average of Re(X), a 

retardation value measured when incident light of A. nm 
comes into the film in the direction inclined at +40® to 
the normal around the slow axis (which is determined by 
KOBRA21ADH) as the inclining axis (axis of rotation), and 

15 another retardation value measured when incident light of K 
nm comes into the film in the direction inclined at -40** to 
the normal around the slow cixis as the inclining axis (axis 
of rotation). The average refractive index can be assumed 
from, for example. Polymer Handbook (JOHN WILEY & SONS, 

20 INC.) and catalogues of various optical films. For exan^le, 
the average refractive index of cellulose ester is assumed 
1.48. 

[Example 1] 

25 (Preparation of second optically anisotropic layer) 

In room temperature, 45 weight parts of cellulose 
acetate having the average acetic acid content of 60.9%, 
2.25 weight parts of the following retardation- increasing 
agent, 232.72 weight parts of methylene chloride, 42.57 

30 weight parts of methanol, and 8.50 weight parts of n- 

butanol were mixed to prepare a solution ( dope ) . The dope 
was cast by means of a band-casting machine of 6 m, and 
dried so that thickness of the dried film may be 100 jm. 



- 62 - 



Retarda-tion-increasing agent 




OCH3 



10 



15 



(Formation of orientation layer) 

On the prepared second optically anisptropic layer ^ a 
ge latin-undercoat ing layer of 0.1 ^im thickness was provided. 
The gelatin-undercoating layer was then coated with the 
following coating solution in the amount of 28 ml/m^ by 
means of a wire bar coater of #16- The applied solution 
was dried with hot air at 60**C for 60 seconds, and then 
further dried with hot air at 90^*0 for 150 seconds. The 
formed layer was then subjected to rubbing treatment in 
which the rubbing direction was at the angle of 45° to the 
slow axis (determined at 632.8 nm) of the second optically 
anisotropic layer. 



Coating solution for orientation layer 



The following denatured polyvinyl alcohol 



Water 



Methanol 



10 weight parts 
371 weight parts 
119 weight parts 
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Glutaric aldehyde (crosslinking agent) 

0.5 weight part 



5 Denatured polyvinyl alcohol 

(CH2-CH)37.s — — (CH2-CH)o.2 — — (CH2-CH)^20 — 
OH O 6 

CO CO 

6 

O— (CH2)4-0-CO-CH=CH2 

(Formation of first optically anisotropic layer) 

In 102 g of methyl ethyl ketone, 41.01 g of the 

10 following discotic liquid crystal compound, 4.06 g of 
ethylene oxide denatured trimethlolpropanetriacrylate 
(V#360, Osaka Organic Chemicals Co., Ltd.), 0.90 g of 
cellulose acetate butyrate (CAB-551-0 . 2 , Eastman Chemical), 
0.23 g of cellulose acetate butyrate (CAB-531-1, Eastman 

15 Chemical), 1.35 g of a photopolymerization initiator 
(Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer 
(Kayacure DETX, Nippon Kayaku Co., Ltd.) were dissolved to 
prepare a coating solution. The coating solution was 
spread to coat the orientation layer by means of a wire bar 

20 coater of #3.2. The coated film was fixed on a metal frame 
and heated in a thermostat zone at 130**C for 2 minutes to 
orient the molecules of the discotic compound. The film 
was irradiated at 130®C for 4 second with ultraviolet rays 
emitted from a high-pressure mercury lamp of 120 W/cm, to 

25 polymerize the molecules of discotic compound. Thus, a 
first optically cuiisotropic layer was formed. 
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(Discotic liquid crystal compound 



R 




. (Production of polarizing plate) 
5 The laminate of the first and second optically 

anisotropic layers was immersed to saponify in a bath of 
alkaline solution, and then fixed with an adhesive onto a 
polarizing membrane of polyvinyl alcohol and iodine, so 
that the membrane was on the second optically anisotropic 
10 layer-side. The membrane was placed so that the slow axis 
of the second optically anisotropic layer might be parallel 
to the transmission axis of the polarizing membrane. 

(Production of liquid crystal display of bend alignment 
15 mode ) 

On a glass plate provided with an ITO electrode, a 
polyimide layer was formed and the surface of the layer was 
subjected to rubbing treatment to form an orientation layer. 
Further, auiother glass substrate having orientation layer 

20 was prepared in the same manner. The thus-prepared two 

glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
that the gap between the plates might be 3.5 fim. A 
commercially available liquid crystal compound (An = 

25 0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 

inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 



- 65 - 

(Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.)* 71^6 values of Rel, Rth2 and Anxd measured at 
5 550 nm were set forth in Table 1, and the values of 

(Anxd)/(RelxRth2) measured at 450 nm, 550 nm and 630 nm 
were set forth in Table 2 . 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display. 

10 The cell and the two polarizing plates were placed so that 
the first optically anisotropic layer and the substrate of 
the cell might be faced to each other and so that the 
rubbing direction of the cell might be anti-parallel to 
that of the first optically anisotropic layer. 

15 Voltage of a square wave (55 Hz) was applied to the 

liquid crystal cell of bend alignment mode in the licjuid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upward, 
downward, rightward and leftward measured by means of a 

20 luminance meter (TOPCON BM— 5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a luminance meter (TOPCON 
BM-5), to evaluate the contrast. Further, while the 

25 voltage was changed, voltage giving the smallest (front) 
luminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter (EZ-Contrast ) . The results are set forth in Table 3. 



30 



[Example 2] 

The procedures of Example 1 were repeated to produce a 
polarizing plate. 
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(Production of liquid crystal display of bend alignment 
mode) 

On a glass plate provided with an ITO electrode , a 
polyimide layer was formed and the surface of the layer was 
5 subjected to rubbing treatment to form an orientation layer. 
Further, another glass substrate having orientation layer 
was prepared in the same manner. The thus-prepared two 
glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
10 that the gap between the plates might be 6 A 

commercially availcU^le liquid crystal compound (An = 
0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 
inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 

15 

(Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.). The values of Rel, Rth2 and Anxd measured at 

20 550 nm were set forth in Table 1, and the values of 

(Anxd)/(RelxRth2) measured at 450 nm, 550 nm and 630 nm 
were set forth in Table 2 . 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display in 

25 the same manner as in Example 1. 

Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell of bend alignment mode in the liquid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upward, 

30 downward, rightward and leftward measured by means of a 

luminance meter (TOPCON BM-5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a luminance meter (TOPCON 

35 BM-5), to evaluate the contrast. Further, while the 
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voltage was changed, voltage giving the smallest (front) 
luminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter (EZ-Contrast ) . The results are set forth in Table 3, 

5 

[Example 3] 

The procedures of Example 1 were repeated to produce a 
polarizing plate. 

10 (Production of liquid crystal display of bend alignment 
mode) 

On a glass plate provided with an ITO electrode, a 
polyimide layer was formed and the surface of the layer was 
subjected to rubbing treatment to form an orientation layer. 

15 Further, another glass substrate having orientation layer 
was prepared in the same manner. The thus-prepared two 
glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
that the gap between the plates might be 9 jim. A 

20 commercially availcible liquid crystal compound (An = 
0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 
inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 

25 (Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.). The values of Rel, Rth2 and Anxd measured at 
550 nm were set forth in Table 1, cuid the values of 

30 (Anxd)/(RelxRth2) measured at 450 nm, 550 nm and 630 nm 
were set forth in Table 2. 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display in 
the same manner as in Example 1. 
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Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell of bend alignment mode in the liquid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upward, 
5 downward, rightward and leftward measured by means of a 

Iximinance meter (TOPCON BM-5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a luminance meter (TOPCON 
10 BM-5), to evaluate the contrast. Further, while the 

voltage was changed, voltage giving the smallest (front) 
liiminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter ( EZ -Contrast ) . The results are set forth in TcUDle 3. 

15 

[Comparison Example 1] 

The procedures of Example 1 were repeated to produce a 
polarizing plate. 

20 (Production of lic[uid crystal display of bend alignment 
mode ) 

On a glass plate provided with an ITO electrode, a 
polyimide layer was formed and the surface of the layer was 
subjected to rubbing treatment to form an orientation layer. 

25 Further, another glass substrate having orientation layer 
was prepared in the same manner. The thus-prepared two 
glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
that the gap between the plates might be 2.0 jum. A 

30 commercially available liquid crystal compound (An = 
0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 
inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 
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(Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.)- The values of Rel, Rth2 and Anxd measured at 
5 550 nm were set forth in Table 1, and the values of 

(Anxd)/(RelxRth2) measured at 450 nm, 550 nm and 630 nm 
were set forth in Table 2. 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display in 

10 the same manner as in Example 1. 

Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell of bend alignment mode in the liquid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upweird, 

15 downward, rightward and leftward measured by means of a 

luminance meter (TOPCON BM-5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a luminance meter (TOPCON 

20 BM-5), to evaluate the contrast. Further, while the 

voltage was changed, voltage giving the smallest (front) 
luminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter ( EZ -Contrast ) . The results are set forth in Table 3. 

25 

[Comparison Example 2] 

The procedures of Example 1 were repeated to produce a 
polarizing plate. 

30 (Production of liquid crystal display of bend alignment 
mode) 

On a glass plate provided with an ITO electrode, a 
polyimide layer was formed and the surface of the layer was 
subjected to rubbing treatment to form an orientation layer. 
35 Further, another glass substrate having orientation layer 
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was prepared in the same manner. The thus -prepared two 
glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
that the gap between the plates might be 12 ^im. A 
5 commercially available liquid crystal compound (An = 
0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 
inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 

10 (Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.). The values of Rel, Rth2 and Anxd measured at 
550 nm were set forth in Table 1^ and; the values of 

15 (Anxd)/(RelxRth2) measured at 450 nm, 550 nm cuid 630 nm 
were set forth in Table 2. 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display in 
the same manner as in Example 1. 

20 Voltage of a square wave (55 Hz) was applied to the 

liquid crystal cell of bend alignment mode in the liquid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upward, 
downward, rightward and leftward measured by means of a 

25 luminance meter (TOPCON BM-5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a luminance meter (TOPCON 
BM-5), to evaluate the contrast. Further, while the 

30 voltage was changed, voltage giving the smallest (front) 
luminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter (EZ-Contrast) . The results are set forth in Table 3. 
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[Example 4] 

(Preparation of second optically anisotropic layer) 

In room temperature, 45 weight parts of cellulose 
acetate having the average acetic acid content of 60.9%,. 
5 2.25 weight parts of the retardation-increasing agent used 
in Example 1, 232.72 weight parts of methylene chloride, 
42.57 weight parts of methanol, and 8.50 weight parts of n- 
butanol were mixed to prepare a solution (dope). The dope 
was cast by means of a band-casting machine of 6 m, and 
10 dried so that thickness of the dried film may be 100 ^im. 

(Formation of orientation layer) 

On the prepared second optically anisotropic layer, a 
gelatin-undercoating layer of 0.1 pm thickness was provided. 

15 The gelatin-undercoating layer was then coated with the 
coating solution used in Example 1 in the amount of 28 
ml/m2 by means of a wire bar coater of #16. The applied 
solution was dried with hot air at 60®C for 60 seconds, and 
then further dried with hot air at 90**C for 150 seconds. 

20 The formed layer was then subjected to rubbing treatment in 
which the rubbing direction was at the angle of 45** to the 
slow axis (determined at 632.8 nm) of the second optically 
anisotropic layer. 

25 (Formation of first optically anisotropic layer) 

In 102 g of methyl ethyl ketone, 41.01 g of the 
discotic liquid crystal compound used in Example 1, 4.06 g 
of ethylene oxide denatured trimethlolpropanetriacrylate 
(V#360, Osaka Organic Chemicals Co., Ltd.), 0.90 g of 

30 cellulose acetate butyrate (CAB-551-0.2, Eastman Chemical), 
0.23 g of cellulose acetate butyrate (CAB-531-1, Eastman 
Chemical), 1.35 g of a photopolymerization initiator 
(Irgacure 907, Ciba-Geigy) and 0.45 g of a sensitizer 
(Kayacure DETX, Nippon Kayaku Co., Ltd.) were dissolved to 

35 prepare a coating solution. The coating solution was 
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spread on the orientation layer by means of a wire bar 
coater of #3. The coated film was fixed on a metal frame 
and heated in a thermostat zone at 130®C for 2 minutes to 
orient the molecules of the discotic compound. The film 
5 was irradiated at 130®C for 4 second with ultraviolet rays 
emitted from a high-pressure mercury lamp of 120 W/cm, to 
polymerize the molecules of discotic compound. Thus, a 
first optically anisotropic layer was formed. 

10 (Production of polarizing plate) 

The laminate of the first and second optically 
anisotropic layers was immersed to saponify in a bath of 
alkaline solution, and then laminated with an adhesive onto 
a polcorizing membrane of polyvinyl alcohol and iodine, so 

15 that the membrane was on the second optically anisotropic 
layer-side. The membrane was placed so that the slow axis 
of the second optically anisotropic layer might be parallel 
to the transmission axis of the polarizing membrane. 

20 (Production of liquid crystal display of bend alignment 
mode ) 

On a glass plate provided with an ITO electrode, a 
polyimide layer was formed and the surface of the layer was 
subjected to rubbing treatment to form an orientation layer. 

25 Further, another glass substrate having orientation layer 
was prepared in the same manner. The thus-prepared two 
glass plates were faced to each other so that the rubbing 
directions were parallel to each other, and combined so 
that the gap between the plates might be 6 fita. A 

30 commercially available liquid crystal compound (An = 
0.1396; trade name: ZLI1132, Merck & Co., Inc.) was 
inserted into the gap, to prepare a liquid crystal cell of 
bend alignment mode. 



- 73 - 

(Production and evaluation of liquid crystal display) 
The retardation values (Rel, Rth2) and Anxd were 
measured by means of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO.^ LTD.)* The values of Rel, Rth2 and Anxd measured at 
5 550 nm were set forth in Table 1, and the values of 

(Anxd)/(RelxRth2) measured at 450 nm, 550 nm and 630 nm 
were set forth in Table 2 . 

The liquid crystal cell and a pair of the polarizing 
plates were combined to produce a liquid crystal display in 

10 the same manner as in Example 1. 

Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell of bend alignment mode in the liquid 
crystal display, to display an image. While the voltage 
was changed, brightness of the displayed image was upward, 

15 downward, rightward and leftward measured by means of a 

luminance meter (TOPCON BM-5) to observe whether inversion 
of gradation occurred or not. The (front) luminance in 
displaying a black or white image was also measured at the 
center of the image by means of a liuninance meter (TOPCON 

20 BM-5), to evaluate the contrast- Further, while the 

voltage was changed, voltage giving the smallest (front) 
luminance in displaying a black image was determined. 
Furthermore, the viewing angle was measured by means of a 
meter (EZ-Contrast ) . The results are set forth in Table 3. 

25 

TABLE 1 



Liquid crystal display Anxd Rel Rth2 



Comparison Example 1 280 35 200 

Example 1 490 35 200 

Example 2 840 35 200 

Example 3 1,260 55 200 



Comparison Example 2 1,680 35 200 

Example 4 840 28 200 



TABLE 2 



( Anxd) / (RelxRth2 ) 

Liquid crystal display d(nm) 450nm 550nm 630nm 



Comparison Example 1 


2,000 


0.04 


0.04 


0.04 


Example 1 


3,500 


0.07 


0.07 


0.07 


Example 2 


6,000 


0.11 


0.12 


0.12 


Example 3 


9,000 


0,17 


0.18 


0.18 


Coinparlson Example 2 


12,000 


0.22 


0.24 


0.24 


Exeunple 4 


6,000 


0.14 


0.15 


0.15 



Table 3 



Viewing angle 

Liquid crystal (vertically and Inversion Contrast 



display 


horizontally ) 


of image 




Comparison Example 1 


60^ 


or 


less 


None 


300 


Example 1 




70' 




None 


300 


Example 2 


80^ 


or 


more 


None 


300 


Example 3 


80** 


or 


more 


None* 


300 


Comparison Example 2 


80^ 


or 


more 


Observed 


300 


Example 4 


80^ 


or 


more 


None 


500 



( Remark ) 
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None*: Inversion of image was not observed, but an 
image was slightly distorted. 

[Example 5] 

5 (Preparation of second optically anisotropic layer) 

The following components were placed in a mixing tank, 
heated and stirred to dissolve, to prepare a cellulose ac- 
etate solution • 



Cellulose acetate solution 



Cellulose acetate (acetylation degree: 60.9 %) 

100 weight parts 
Triphenyl phosphate (plasticizer ) 7.8 weight parts 
Biphenyldiphenyl phosphate (plasticizer) 

3.9 weight parts 

Methylene chloride ( first solvent ) 
300 weight parts 

Methanol (second solvent) 45 weight parts 

Dye (360FP, SUMIKA FIME CHEMICALS CO., LTD.) 

0.0009 weight part 



25 

In another mixing tank, 16 weight parts of the 
retardation-increasing agent used in Example 1, 80 weight 
parts of methylene chloride and 20 weight parts of methanol 
were placed, heated and stirred, to prepare a retardation- 

30 increasing agent solution. 

After that, 464 weight parts of the cellulose acetate 
solution, 36 weight parts of the retardation-increasing 
agent solution used in Example 1 and 1 . 1 weight parts of 
silica fine particles (R972, AEROZIL) were mixed and 

35 stirred well to prepare a dope. The prepared dope 



15 



20 
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contained the retardation- increasing agent and the silica 
fine particles in the amounts of 5.0 weight parts and 0.15 
weight part, respectively, based on 100 weight parts of 
cellulose acetate. 
5 The dope was cast by means of a casting machine having 

a band of 65 m length and 2 m width. After the surface 
temperature on the band reached 4 0®C, the cast dope was 
dried for 1 minute. The formed film was then peeled, and 
laterally stretched by 28% with a tenter while blowing in 

10 hot air at 140'*C. The film further blew in hot air at 
135**C for 20 minutes, to prepare a second optically 
anisotropic layer (cellulose acetate film) in which the 
solvent remained in the amount of 0.3 wt.%. 

The width and thickness of the prepared second 

15 optically anisotropic layer were 1,340 mm and 92 jjm, 

respectively. The retardation value (Re) at 590 nm was 
measured by means of KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.), and found 38 nm. The retardation value (Rth) 
at 590 nm was also measured to find 175 nm. 
- 20 The surface of second optically anisotropic layer on 

the band side was coated with 1.0 N sodium hydroxide 
solution (solvent: mixture of water/ isopropyl 
.alcohol /propylene glycol = 69.2 weight parts/15 weight 
parts/15.8 weight parts) in the amount of 10 cc/m^. After 

25 the film was held at approx. 40**C for 30 seconds, the 

alkali solution was wiped. The film was washed with pure 
water, and remaining drops of water were blown away with an 
air knife. The film was further dried at lOO^C for 15 
seconds . 

30 The surface thus treated with alkali gave the contact 

angle of 42® to pure water. 



35 



(Preparation of orientation layer) 

The alkali-treated surface of the second optically 
anisotropic layer was coated with a coating solution of the 
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following composition in the amount of 28 ml/m^ by means of 
a wire bar coater of #16. The spread solution was then 
dried in hot air flowing at 60*^0 for 60 seconds, and 
further dried in hot air flowing at 90**C for 150 seconds. 
Thus, an orientation layer was formed. 



Coating solution for orientation layer 

10 

The denatured polyvinyl alcohol used in Example 1 

10 weight parts 

Water 371 weight parts 

Methcuiol 119 weight parts 

15 Glutaric aldehyde (crosslihking agent) 

0.5 weight peurt 
Citric ester (AS3, Sankio Chemical Co., Ltd.) 

0.35 weight pcurt 

20 

(Rubbing treatment) 

The second optically anisotropic layer on which the 
orientation layer was provided was transferred at the speed 
of 20 m/minute. A rubbing roller (diameter: 300 mm) was 

25 set so that the second optically anisotropic layer could be 
subjected to rubbing treatment in which the rubbing direc- 
tion was at the angle of 4 5^ to the longitudinal direction, 
and rotated at 650 rpm. Thus, the surface of orientation 
layer was subjected to the rubbing treatment. The contact 

30 length between the roller and the support was 18 mm. 

(Formation of first optically anisotropic layer) 

In 102 kg of methyl ethyl ketone, 41.01 kg of the 
discotic liquid crystal compound used in Example 1, 4.06 kg 
35 of ethylene oxide denatured trimethlolpropanetriacrylate 
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(V#360^ Osaka Organic Chemicals Co.^ Ltd.)f 0.35 kg of 
cellulose acetate butyrate (CAB-531-1, Eastman Chemical), 
1.35 kg of a photopolymerization initiator (Irgacure 907,. 
Ciba-Geigy) and 0.45 kg of a sensitizer (Kayacure DETX, 
5 Nippon Kayaku Co., Ltd.) were dissolved. To the prepared 
solution, 0.1 kg of a fluorine surface-active agent 
(Megafac F-104, Dainippon Ink & Chemicals Inc.) was 
dissolved to prepare a coating solution. While the second 
optically anisotropic layer was transferred at 20 m/minute, 

10 the coating solution was continuously spread to coat the 

orientation layer on the second optically anisotropic layer 
by means of a wire-bar of #3.2 rotating at 391 rpm so that 
the rotation might follow the transference. 

The temperature was continuously raised from room 

15 temperature to 100**C, to dry the spread solution. The 

coated film was then transferred to a drying zone heated at 
130®C, and exposed to flowing air. for approx. 90 seconds 
so that molecules of the discotic lic[uid crystal compound 
might be aligned. In the drying zone, the air was made to 

20 flow at the speed of 2.5 m/sec near the film surface. 

Successively, the film was further transferred to another 
drying zone heated at 80**C, and exposed to ultraviolet rays 
of 600 mW for 4 seconds with the surface of support heated 
at approx. 100**C (surface temperature). The ultraviolet 

25 rays were emitted from a UV exposure apparatus [power of UV 
lamp: 160 W/cm, length of lamp: 1.6 m] . Thus, the aligned 
discotic liquid crystal molecules were fixed. After cooled 
to room temperature, the film was cylindrically wound up 
into a roll to produce a rolled optical compensatory film. 

30 The viscosity of the first optically anisotropic layer 

was measured at the surface temperature of 127®C, and found 
695 cp. In the measurement, a liquid crystal layer 
comprising the same components (except the solvent) as the 
first optically anisotropic layer was prepared and its 

35 viscosity was measured with an E-viscosimeter of heating 
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type to estimate the viscosity of the first optically 
anisotropic layer. 

A piece of the rolled optical compensatory film was 
clipped and used as the sample in the evaluation of optical 
5 characters. The retardation values Re(0), Re (40) and Re(- 
40) of the first optically anisotropic layer were measured 
at 546 nm and found 30.5 nm, 44.5 nm and 107.5 nm, 
respectively. 

It was also found that^ in the first optically 

.10 anisotropic layer ^ the angle between the discotic plane of 
discotic liquid crystal molecule and the surface of support 
(namely, inclined angle) varied continuously according the 
depth and was 32** on average. Further, after only the 
first optically anisotropic layer was peeled from the 

15 sample, the average direction of lines of molecular 

symmetry, in the first optically anisotropic layer was 
measured cuid found that the lines of molecular symmetry 
were oriented on average at 45** to the longitudinal 
direction . 

20 The sample was placed between a pair of polarizers 

(Glan-Thompson prisms), and alignment of the molecules in 
the first optically anisotropic layer was measured. The 
optical elements were arranged so that the transmission 
axis of incident polarizer, the slow axis of transparent 

25 support, the slow axis of optically anisotropic layer were 
at angles of 90**, 2 0** and 155**, respectively, when seen 
from the outward polarizer. In that arrangement, the 
smallest lOOx (T-C) / (P-C) was observed when the outward 
polarizer was placed at 182**. The smallest lOOx (T-C) / (P-C) 

30 was 0.0033. 

The polarizers were placed in crossed Nicols 
arrangement, and then it was observed whether an image 
given by the optical compensatory film had defects or not. 
As a result, no defect was observed when the film was seen 

35 frontally or obliquely at 60** to the normal. 
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(Preparation of polarizing plate) 

The optical compensatory film was laminated with a 
polyvinyl alcohol adhesive on a polarizing membrane so that 
5 the support-side of the film might be in contact with the 
membrane. On the other hand^ a commercially available 
triacetyl cellulose film (thickness: 80 jjm, TD-80U, Fuji 
Photo Film Co.^ Ltd.) was saponified and laminated on. the 
opposite surface of the polarizing membrane with the 

10 polyvinyl alcohol adhesive. 

The polarizing membrane, the second optically 
anisotropic layer and the commercially available triacetyl 
cellulose film were placed so that their longitudinal 
directions might be parallel to each other. Thus, a 

15 polarizing plate comprising (only) the optical compensatory 
film was produced. 

Independently, the optical compensatory film was 
laminated with a polyvinyl alcohol adhesive on a polarizing 
membrane so that the support-side of the film might be in 

20 contact with the membrane. On the other hand, a 

commercially available anti-reflection film (Clear View UA, 
Fuji Photo Film Co., Ltd.) was saponified and laminated on 
the opposite surface of the polarizing membrane with the 
polyvinyl alcohol adhesive. 

25 The polarizing membrane, the transparent support and 

the commercially available triacetyl cellulose film were 
placed so that their longitudinal directions might be ^ 
parallel to each other. Thus, a polarizing plate 
comprising the optical compensatory film and the anti- 

30 reflection film was produced. 

(Preparation of liquid crystal cell of bend alignment) 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided cuid subjected to a 
35 rubbing treatment. This procedure was repeated to prepare 
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two substrates, and the substrates were arranged face-to- 
face so that the rubbing directions might be parallel and 
so that the gap might be 4.5 ^on. Between them, a liquid 
crystal having An of 0.1396 (ZLI1132, Merck & Co., Inc.) 
5 was introduced to prepare a liquid crystal cell of bend 
alignment. The size of the cell was 20 inches. 

(Preparation of liquid crystal display) 

The polarizing plate comprising (only) the optical 

10 compensatory film and the plate comprising the optical 
compensatory film and the anti-reflection film were 
laminated on the liquid crystal cell, so that the cell 
might be between the plates and so that the plate 
comprising both compensatory film and anti-reflection film 

15 might be on the viewer side. The plates were arranged so 
that the first optically anisotropic layer in each plate 
might face to the cell substrate and so that the nabbing 
directions of the cell and the first optically anisotropic 
layer might be anti-parallel. 

20 

(Evaluation of liquid crystal display) 

Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell. An image was displayed according to 
normally white mode (white: 2V, black: 5V) . A ratio of 

25 transmittance (white/black) was measured by means of a 

meter (EZ-Contrast 16 OD, ELDIM) at eight displaying states 
of LI (full black) to L8 (full white), to determine the 
contrast ratio. A front contrast (CR: ratio of brightness 
in displaying a white image/a black image) was also 

30 measured. , 

The results are set forth in TcJ^le 4. 

The liquid crystal display was adjusted to display an 
image of half tone as a whole, and it was observed whether 
the displayed image had defects or not. As a result, no 
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defect was observed when the display was seen in any 
direction. 

The retardation values (Rel; Rth2) and Anxd were 
measured by means of KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
5 CO., LTD.)- The values of (Anxd) / (RelxRth2 ) measured at 
450 nm, 550 nm and 630 nm were set forth in Table 5. 

[Example 6] 

(Preparation of second optically anisotropic layer) 
10 The cellulose acetate solution and the retardation in- 

creasing agent solution prepared in Example 5 were mixed 
and stirred well to prepare a dope. The prepared dope 
contained the retardation- increasing agent in the amount of 
7.5 weight parts based on 100 weight parts of cellulose 
15 acetate . 

The prepared dope was cast on a band by means of a 
band-casting machine in the same manner as in Example 5. 
The formed film was stretched in the same manner as in 
Example 5 except that the stretching ratio was changed into 

20 20%, to prepare a second optically anisotropic layer 

(cellulose acetate film) containing the solvent remaining 
in the amount of 0.3 wt.%. 

The prepared second optically anisotropic layer had 
the width of 1,500 mm and the thickness of 95 ^im. The 

25 retardation value (Re) at 590 nm was measured by means of 
KOBRA21ADH (OJI SCIENTIFIC INSTRUMENTS CO. , LTD.), and 
found 35 nm. The retardation value (Rth) at 590 nm was 
also measured to find 200 nm. 

The second optically anisotropic layer was immersed at 

30 25**C for 2 minutes in 2.0 N potassium hydroxide solution, 

neutralized with sulfuric acid, washed with pure water, and 
dried. The surface energy of the transparent support was 
measured according to the contact angle method, to find 63 
mN/m. 



35 
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(Formation of orientation layer) 

The following coating solution was spread to coat the 
second optically anisotropic layer in the amount of 28 
ml/m^ by means of a wire bar coater of #16. The spread 
5 solution was dried with hot flowing air at 60^C for 60 
seconds, and then further dried with hot flowing air at 
90**C for 150 seconds. 



10 Coating solution for orientation layer 



The denatured polyvinyl alcphol used in Example 1 

10 weight pcurts 

15 Water 371 weight parts 

Methanol 119 weight parts 

Glutaric aldehyde (crosslinking agent) 

0.5 weight part 



20 

(Rubbing treatment) 

The second optically anisotropic layer was transferred 
at the speed of 20 m/minute. A rubbing roller (diameter: 
300 mm) was set so that the transferred support could be 
25 subjected to rubbing treatment in which the rubbing direc- 
tion was at the angle of 4 5® to the longitudinal direction, 
and rotated at 450 rpm. Thus, the surface of the 
orientation layer was subjected to the rubbing treatment. 

30 (Formation of optically anisotropic layer) 

In 102 kg of methyl ethyl ketone, 41.01 kg of the 
discotic liquid crystal compound used in Example 1, 4.06 kg 
of ethylene oxide denatured trimethlolpropanetriacrylate 
(V#360, Osaka Organic Chemicals Co., Ltd.), 0.29 kg of 

35 cellulose acetate butyrate (CAB-531-1, Eastman Chemical), 
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1.35 kg of a photopolymerization initiator (Irgacure 907, 
Ciba-Geigy)/ 0,45 kg of a sensitizer (Kayacure DETX, Nippon 
Kayaku Co., Ltd.) and 0.45 kg of citric ester (AS3r Sankio 
Chemical Co., Ltd.) were dissolved, and 0.1 kg of the 
5 following f luoroaliphatic group-containing copolymer was 
added to prepare a coating solution. While the transparent 
support was transferred at 20 m/minute, the coating 
solution was continuously spread to coat the orientation 
layer on the support by means of a wire-bar of #2.7 
10 rotating at 391 rpm so that the rotation might follow the 
transference . 

Fluoroaliphatic group-containing copolymer 

— (CH2-CH)8o— ' 

CO-0-(CH2)2-C6Fi2-H 

— (CH2 CH)2o 

CO-0-(CH2~CH~0)7-H 
CH3 

15 ^ 

The temperature was continuously raised from room 
temperature to 100**C, to dry the spread solution- The 
coated film was then transferred to a drying zone heated at 

20 135**C, and exposed to air flowing at 1.5 m/sec for approx. 
90 seconds so that molecules of the discotic liquid crystal 
compound might be aligned. Successively, the film was 
further transferred to another drying zone heated at 80®C, 
cuid exposed to ultraviolet rays of 600 mW for 4 seconds 

25 with the surface of support heated at approx. lOO'^C 

(surface temperature). The ultraviolet rays were emitted 
from a UV exposure apparatus [power of UV lamp: 160 W/cm, 
length of lamp: 1.6 m] . Thus, the aligned discotic liquid 
crystal molecules were crosslinked and thereby fixed. 

30 After cooled to room temperature, the film was 
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cylindrically wound up into a roll to produce a rolled 
optical compensatory film. 

The viscosity of the first optically anisotropic layer 
was measured at the surface temperature of 131®G, and found 
5 600 cp. In the measurement^ a liquid crystal layer 

comprising the same components (except the solvent) as the 
first optically anisotropic layer was prepared and its 
viscosity was measured with an E-viscosimeter of heating 
type to estimate the viscosity of the first optically 
10 anisotropic layer. 

A piece of the rolled optical compensatory film was 
clipped and used as the sample in the evaluation of optical 
characters • 

The retardation values Re ( 0 ) , Re ( 40 ) and Re ( -40 ) of 
15 the first optically anisotropic layer were measured at 546 
nm, and found 34.3 nm, 51.2 nm and 120.5 iim, respectively. 

It was also found that, in the first optically 
anisotropic layer; the single between the discotic plane of 
discotic liquid crystal molecule and the surface of support 
20 (namely, inclined angle) varied continuously according the 
depth and was 33** on average. Further, after only the 
first optically anisotropic layer was peeled from the 
sample, the average direction of lines of molecular 
symmetry in the first- optically anisotropic layer was 
25 measured and found that the lines of molecular symmetry 
were oriented on average at 45.5"* to the longitudinal 
direction. 

The sample was placed between a pair of polarizers 
( Glan-Thompson prisms), and alignment of the molecules in 

30 the first optically anisotropic layer was measured. The 
optical elements were arranged so that the transmission 
axis of incident polarizer, the slow axis of transparent 
support, the slow eixis of optically anisotropic layer were 
at angles of 90**, 20** and 155**, respectively, when seen 

35 from the outward polarizer. In that arrangement, the 
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smallest 100x(T-C)/(P-C) was observed when the outward 
polarizer was placed at 18 1**. The smallest 100x(T-C)/(P-C) 
was 0.0029. 

The polarizers were placed in crossed Nicols 
5 arrangement, and then it was observed whether an image 

given by the optical compensatory film had defects or not. 
As a result, no defect was observed when the film was seen 
frontally or obliquely at 60® to the normal. 

10 (Preparation of polarizing plate) 

The optical compensatory film was laminated with a 
polyvinyl alcohol adhesive on a polarizing membrane so that 
the support-side of the film might be in contact with the 
membrane. On the other hand, a commercially available 

15 triacetyl cellulose film (thickness: 80 fim, TD-80U, Fuji 
Photo Film Co., Ltd.) was saponified and laminated on the 
opposite surface of the polarizing membrane with the 
polyvinyl alcohol adhesive. 

The polarizing membrane, the second optically 

20 anisotropic layer and the commercially available triacetyl 
cellulose film were placed so that their longitudinal 
directions might be parallel to each other. Thus, .a 
polarizing plate was produced. 

25 (Preparation of liquid crystal cell of bend alignment) 

On a glass plate having an ITO electrode, an orienta- 
tion layer of polyimide was provided and subjected to a 
rubbing treatment. This procedure was repeated to prepare 
two substrates, cuid the substrates were arranged face-to- 

30 face so that the rubbing directions might be parallel and 
so that the gap might be 6 jum. Between them, a liquid 
crystal having An of 0.1396 (ZLI1132, Merck & Co., Inc.) 
was introduced to prepare a liquid crystal cell of bend 
alignment. The size of the cell was 20 inches. 



35 
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(Preparation of liquid crystal display) 

A pair of the polarizing plate was laminated on the 
liquid crystal cell^ so that the cell might be between the 
plates. The plates were arranged so that the first 
5 optically anisotropic layer in each plate might face to the 
cell substrate and so that the rubbing directions of the 
cell and the first optically anisotropic layer might be 
anti-parallel . 

10 (Evaluation of liquid crystal display) 

Voltage of a square wave (55 Hz) was applied to the 
liquid crystal cell. An image was displayed according to 
normally white mode (white: 2\r, black: 6V) . A ratio of 
transmittfiunice (white/black) was measured by means of a 

15 meter (EZ-Contrast 160D^ ELDIM) at eight displaying states 
of LI (full black) to L8 (full white) ^ to determine the 
contrast ratio. A front contrast (CR: ratio of brightness 
in displaying a white image/a black image) was also 
measured. 

20 The results are set forth in Table 4. 

The liquid crystal display was adjusted to display an 
image of half tone as a whole, and it was observed whether 
the displayed image had defects or not. As a result, no 
defect was observed when the display was seen in any 

25 direction. 

The retardation values (Rel, Rth2 ) and Anxd were 
measured by means of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS 
CO., LTD.). The values of (Anxd) /(RelxRth2 ) measured at 
450 nm, 550 nm and 630 nm were set forth in TeQ^le 5. 



30 
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TABLE 4 



Optical 

compensatory lOOx(T-C) Front 
film p-c contrast 



Viewing angle 
(contrast>10) 



up/down 



left/right 



Example 5 
Example 6 



0.0033 
0.0029 



480 
530 



80*^/80** 
80^/80** 



80*^/80** 
80^/80^ 



TABLE 5 



Liquid crystal ( Anxd) / (RelxRth2 ) 

display 450 nm 550 nm 630 nm 



Example 5 0.11 0.12 0.12 

Example 6 0.11 0.12 0.12 



[Example 7] 

(Preparation of liquid crystal cell of hybrid alignment) 

On a glass plate having an ITO electrode, an orienta- 

10 tion layer of polyimide was provided and subjected to a 
rubbing treatment. Independently^ on another glass plate 
having an ITO electrode, an orientation layer of deposited 
SiO was provided. The thus-produced glass substrates were 
arranged face-to-face so that the gap (d) might be 4 jjm. 

15 Between them, rod-like liquid crystal compound (ZLI1132, 
Merck & Co., Inc.) was introduced to prepare a liquid 
crystal cell of hybrid alignment (HAN type). The values of 
An and Anxd were 0.1396 and 558 nm, respectively. 



> 
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(Preparation of liquid crystal display) 

On the prepared liquid crystal cell of hybrid 
alignment, the optical compensatory film produced in 
5 Example 1 was laminated so that the first optically 
anisotropic layer might be on the cell-side. The 
polarizing plate produced in Example 1 was placed thereon 
(on the first optically anisotropic layer-side), so that 
the transmission axis of the polarizing plate was at 45** to 

10 the rubbing direction of the cell. Further, a light- 
diffusing film shown in Fig. 7 was placed thereon. 

On the opposite side of the liquid crystal cell, a 
mirror as the reflection board was placed on the (outer) 
surface of the glass substrate of the ceil. Thus, a liquid 

15 crystal display of reflection type was produced. 

In front of the liquid crystal display of reflection 
"type, a light source was placed in a direction inclined at 
20® from the normal. While the liquid crystal display was 
irradiated with the light source, voltage of a square wave 

20 (55 Hz) was applied to the liquid crystal cell to display 
an image according to normally white mode (white: 2V, 
black: 6V) . 

The image was displayed with high contrast. 
The value of ( Anxd) / (RelxRth2 ) was measured by means 
25 of K0BRA21ADH (OJI SCIENTIFIC INSTRUMENTS CO., LTD.) at 450 
nm, 550 nm and 630 nm, and the results were set forth in 
Table 6 . 
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TABLE 6 



Liquid crystal (Anxd)/(RelxRth2 ) 

display 450 nin 550 nm 630 nm 



Example 7 0.05 0.05 0.05 



[Brief description of the drawings] 

Fig. 1: a sectional view schematically illustrating 
alignment of liquid crystal molecules in a liquid crystal 
cell of bend alignment mode. 

Fig. 2: a sketch schematically illustrating a 
polarizing plate. 

Fig. 3: a sketch schematically illustrating a liquid 
crystal display of bend alignment mode according to the 
invention , 

Fig. 4: a sectional view schematically showing 
mechanism of compensation in a liquid crystal display of 
bend alignment mode. 

Fig. 5: a sketch schematically illustrating various 
embodiments of polarizing plate. 

Fig. 6: a sketch schematically illustrating an 
apparatus for testing an optical compensatory film, and 

Fig, 7: a sectional view schematically illustrating a 
representative embodiment of light-diffusing film. 

[Caption of the drawings] 

9: light-diffusing film, 

10: liquid crystal cell of bend alignment mode 

11, 21: liquid crystal compound, 
11a to 11 j, 21a to 21j: rod-like liquid crystal 

molecules , 
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